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SURVEY  REPORT  ON  THE  PFESENT  ACCURACY  CO  NTROL  SYATEM  AT  NASSCO 

1.  INTRODUCTION 

According  to  the  contract  concluded  between  NASSCO  (National  Steel  and 
Shipbuilding  Company)  and  IMT  (IHI  Marine  Technology  Inc.),  a  survey  on 
the  present  Accuracy  Control  system  at  NASSCO  was  couducted  by  two  (2) 
IHI  engineers  from  May  7,  1979  through  May  18,  1979.  The  study  was 
designed  to  reveal  problem  that  cause  interruption  in  the  smooth  hull 
construction  process  at  NASSCO.  As  the  result  of  this  study,  and  in 
accordance  withi  the  contract,  IHI  made  some  effective  recommendations. 

Due  to  the  coordination  and  cooperation  of  NASSCO  managers  and  engi¬ 
neers,  the  survey  was  completed  successfully. 

The  following  documents  are  included  in  this  report: 

(1)  Review  on  the  present  system  of  the  Accuracy  Control  at  NASSCO  . 

(2)  Recommendartion  for  Accuracy  Control  from  IHI. 

(3)  Introduction  of  IHI  Accuracy  Control  System. 


(4)  The  expected  schedule  for  the  2nd  survey. 
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Li3C  or  Reference  Documents  from  131 


1)  An  extract  of  the  SRAIS  (The  Shipbuilding  Process  and  Inspectii 

Standard)  . 

Quality  Control  Standard  (Hull  Part) 

2)  Management  for  Hull  Construction  Defects  ("F"  series) 

3)  IHI  Accuracy  Control  System  (Description)  Reffered  documents: 

(1)  Accuracy  Control  -  Chech  point,  Checking  Dimensions,  Chec) 
Method  based  on  fabrication  seguence  for  Future  -  32  bulks 
prepared  by  IHI. 

(2)  Accuracy  Control  Check  Sheet  for  Future  -  32  Bulkers  -  pr< 

pared  by  IHI. 

(3)  Accuracy  Control  -  The  scheme  of  the  Added  Material 3  and  t 

Finishing  Phase  for  the  Future  -  32  Sulkers  at  IHI . 

(4)  Standard  and  Tolerance  for  Gasping  High  Accuracy  at  IHI  A] 
Shipyard,  pr spared  by  121. 

4)  Hull  31ocfc  Construction  at  IHI  Sure  Shipyard. 

5)  Base  line  to  be  effective  for  -seeping  high  accuracy  included  it 
the  output  through  engineering  and  lofting 


The  ?uroose  of  she  Accuracy  Con  era  1 
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For  better  understanding,  it  is  necessary  to  state  the  purpose  and  the 
meaning  of  Accuracy  Control. 

IHI  considers  that  Accuracy  Control  is  a  system  to  be  supported  by  all  orga¬ 
nizations  of  the  shipyard  from  Engineering,  Mold  Lofting,  Marking,  Gas 
Cutting,  Bending,  Welding,  Sub-assembly,  Assembly  and  Erection.  The 
Accuracy  Control  system  is  a  series  of  activities  designed  to  assist  the 
shipyard  in  constructing  high  quality  ships  in  a  safe  manner,  at  a  low  cost, 
with  increased  productivity.  In  that  sense,  the  terminology  and  definiton 
of  "Accuracy  Control"  is  distinguished  from  "Quality  Control"  or  "Quality 
Assurance"  . 

Even  though  there  may  be  many  approaches  of  Accuracy  Control,  IHI  considers 

chat  die  most  important  faces  in  hull  construction  Ls  .to  maintain  high 
accuracy  is  che  shape  of  hull  unics  as  Che  erection  stage.  In  other  words, 
the  idea  is  Co  minimise  work  at  Che  erection  stage  by  concerted  effort  is 
Che  preceding  phases  of  assembly,  sub-assembly,  fabrication  and  engineering 
including  mold  lofting.  If  Che  unit  is  improperly  constructed  in  any  one  of 
the  previously  mentioned  phases,  considerable  rework  results  at  the  time  of 
erection.  Many  of  these  mistakes  will  need  rework,  thereby  resulting  in 
hazardous  and  inconvenient  working  conditions. 


The  Purpose  of  the  Accuracy  Control  (Continued) 
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It  mac  Co  be  recognized  Chat  Che  accuracy  at  erection  is  a  result  of 
accuracy  in  Che  seeps  preceeding  erection,  such  as  marking  cutting,  ben 
fitting  and  welding.  Moreover,  the  Engineering  and  Production  Departmen 
should  coordinatetiee  their  acclivities  to  produce  more  concrete  methods  and/ 
procedures  for  Accuracy  Control. 

Hose  inoortantly,  all  che  activities  for  Accuracy  Control  should  be  3yst 
tically  continuous » 
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2.  REVIEW  OF  THE  PRESENT  SYSTEM  OF  THE  ACCURACY  CONTROL  AT  NASSCO 

2.1  General  Viav 

The  present  system  of  Accuracy  Control  at  NASSCO  was  reviewed  by  two 
(2)  IHI  engineers  from  May  7,  1979  through  May  18,  1979.  The  study 
covered  the  Engineering  Department,  Mold  Loft,  Production  Control  and 
Hull  Construction  Departments.  There  were  two  (2)  main  points  in  the 
survey.  One  was  to  obtain  facts  at  the  production  level  which  would 
indicate  the  results  of  efforts  in  preliminary  construction  phases  and 
the  total  ability.  The  other  was  to  understand  the  "flow  of  the  infor¬ 
mation  and  data  to  indicate  how  the  ships  are  constructed.  " 

Many  aspects  of  advanced  technology  are  in  Practice,  such  as  the  com¬ 
puterized  drafting  machine;  display  cardinals ;  EC  plasma  cutter, 
welding  technology  including  automatic  welding,  assembling  method  on 

PIN/ JIGS  and  others.  Workmanship  in  the  Production  Department  is  con¬ 
sidered  to  be  good,  if  suitable  guidance  is  provided. 

However,  through  the  observation  of  the  actual  production  process  during 
Hull  Construction,  several  problems  were  found.  Some  of  them  are 
limited  to  the  production  practice  itself,  but  ,most  of  them  are  related 
to  the  present  system  of  communications  and  information  flow  from  che 
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Engineering  Department,  Mold  Loft,  and  Production  Control  to  t he 

Production  Department.  There  are  very  few  written  NASSCO  ship 
construction  policy  standards,  and  assignment  of  organizational  res] 
sibilities  for  aking,  checking  and  controlltig  such  stabdards. 
Written  procedures  are  seeded  far  coordinating  the  activities  betwee 
shops  concerned  with  hull  construction. 

a  formal  communication  net  work,  the  vital  data  for  main¬ 
taining  high  accuracy,  such  as  checking  procdures,  allowable 
tolerance,  and  decisions  of  excess  material,  become  dependent  on  per¬ 
sonal  experience  or  a  method  unaucthorized  by  the  organization. 


With  respect  Co  die-  above,  a.  summary  of  the  general  problems  and  chs 
individual  shop  problems  is  presented  by  the  EH  team  in  die  fallow: 


paragraphs . 
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2.2  Summary  of  the  Existing  Problems 

It  is  believed  that  almost  all  of  problems  found  in  production  are 
caused  by  the  following  matters: 

1)  No  written  standard  data  on  "excess"  decisions. 

Ko  Wirtten  excess  Standard  exists 
to  Show  the  following  matters: 

(1)  Why  is  excess  necessary? 

(2)  Where  is  excess  required? 

(3)  How  much  excess  is  necessary? 

(4)  Where  is  excess  finished  up? 

For  every  ship,  an  excess  plan  for  main  strakes  such  as  shell 
plates  is  designed  by  the  production  plannimg  department, 
likewise  excess  is  shown  for  other  structure. 

However,  the  excess  plan  is  not  governed  by  any  basic  written 
Standard  (Philosphy) . 

Excess  is  nowusedas  a  "buffer"  to  compensate  for  all  errors 
caused  by  each  phase  including  Engineering.  Threfore  it  is 

difficult  to  find  the  true  cause  errors  and  a  way  to  improve 
the  methods.  "Too  much  excess"  produces  "Rugh  check"  and  this 


reguires  "Too  much  excess". 


So  written,  standard  data  for  shrinkage  allowance 

The  value  of  shrinkage  caused,  by  welding  is  different  due  to 
fabricating  stechod  and  welding  sequence.  So  clearly  recordet 
for  shrinkage  or  standard  of  shrinkage  considerations  exist. 

So  clearly  written  standard  for  Ease  Lines  and  Hatch,  marks 

Though  the  necessity'  and  importance  of  Ease  lines  and  Hatch  t 
is  recognised  and  used)  their  Location  and  length  is  requiret 
the  Production  Department. 

No  written  checking  procedures  nor  allowable  tolerances 

It  is  necessary  to  establish  a  checking  procedure  in  order  c: 
guarantee  precision  at  each  phase*  However,  no  written  chec! 
procedures,  or  allowable  tolerances  exist.  Therefore,  there 
very  few  written  records  of  measurement  or  feed-back*. 

No  drawn  fabrication  scheme  for  assembly 

At  NASSCO,  Che  fabrication  sequence  for  sub-assembly  and  asst 
ia  indicated  by  "Leveling"  which  is  a  part  or  a  "piece  mark 
system"  and  is  putt  into  the  computer  system.  This  system  aa^ 
good  enough  to  indicate  the  simple  fabrication  sequence  for 
assembly,  however,  it  is  not  adequate  enough  to  indicate  the 
vital  points  and  vital  dimensions  for  keening  high  accuracy 
Che  process  of  assembly. 
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(5)  Very  few  written,  standard  practices  for  work  and  production 

Due  to  very  few  standard  practices  for  work  and  production,  the 
output  (result)  from  each  phase  cannot  be  kept  in  uniform  quality. 
Scarcity  in  skilled  workers  is  abig  problem  at  NASSCO,  and 
limited  standard  practices  accelerates  the  personnel  problem. 

(7)  Contribution  of  working  drawings  to  Accuracy  Control 


Working  drawings  developed  by.  the  Engineering  Department  show  the 
details  of  the  ship's  hull  structures  and  are  used  by  the  suc¬ 
ceeding  phases.  The  excess  is  not  included  in  the  working 
drawing.  As  already  described,  little  guidance  is  provided  to 

indicate  a  concrete  fabrication  method  including  vital  points  for 
measuring  high  accuracy.  Seeping  in  mind  that  the  working  drawing 
is  the  only  widely  distributed  official  drawing  which  can  display 
the  total  requirements  of  .the  ship's  hull,  the  working  drawing  can 

constribute  toward  accuracy  control  by  adding  necessary  information 
and  data. 
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2 . 3  Actual  problems  found  at  each  shop  and  comment  from  IHI 

Through  observation  and  discussions  with  NSSCO's  personnel,  the 
following  flow  chart  of  "Eull  construction  information  and  data  flot 
was  made  by  IHI  engineers.  (See  Fig.  1)  .  As  shown  in  Fig.  1,  then 
are  some  problems  at  each  shop.  The  common  problem  to  each  shop  is 
lack  of  a  standard  which  officially  states  the  exact  method  for  comp 
tion  of  the  activities  in  relation  to  the  other  shops.  For  welding, 
there  are  adeguate  manuals  such  as  "Standard  Welding  Details"  and 
"process  Control  procedure  for  Welding  and  Repair  Welding".  Welding 
one  of  the  most  vital  aspects  for  "Quality  Assurance". 

The  Following  is  a.  listing  of  the  actual  pro b leas  found  at  each  shot 
and  csrmsenC3  from  IHI. 
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1)  Enginerincr  Department 

4s  far  as  the  design  function  of  the  Engineering  Department 
in  defining  the  detailed  hull  structure,  there  is  no  problem 

in  particular.  However  from  the  viepoint  that  the  working 

drawing  shoulddefine  how  to  construct  a  unit  and  how  to 
build  a  ship,  sore  information  is  nceessary  for  production 
such  as  excess  is  required  in  the  working  drawing.  The  working 
drawing  is  the  only  official  drawing  issued  to  every  shop  at 

present.  Therfore  it  is  recommended  that  prodution  engineerir 

drawing  should  b«  issued  showing  parts  and  asseably*  If  this 
iaforsation  is  shows  in  the  working  drawing,  the  checking 

procedure  at  each  shop  should  be  easily  performed  using  the 
came  media  without  any  contradiction  caused  by  misreading  or 
use  of  another  reference  mannual  or  personal  judgement. 
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2)  Mold  Loft 

By  virtue  of  its  purposes,  the  Mold  Loft  should  be  the  nuclaus 
for  Accuracy  Control  activities.  As  shown  in  Fig.  1,  most  of 

tlm  output  used  in  actual  production  is_  generated  by  the  Mold 
Loft.  Since  the  shape  of  a  hull  piece  is  cut  out  of  material 
from  NC  data  and  template,  the  information  contained  therein 
should  guarantee  the  required  accuracy  of  a  piece  and  should 
include  effective  data  for  Accuracy  Control  .such  as  shrinkage 
allowance,  base  lines  (match  marks)  and  allowance  for  defor- 
nation.  In  other  words,  such  information  for  production 
should  be  provided  in  advance. 

The  following  problems  have  been  found  in  the  Mold  Loft. 

Ambiguous  checking  procedure 
-NO  specialized  checker. 

-  what  i  S  the  base  for  check? 


working  drawing  is  inadequate  far  c&eckisg  necessary 

data  for  accuracy  control. 
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In  the  case  of  steel  templates  for  places  assembled  at 
assembly,  it  should  be  checked  in  advance  in  order  to  comp; 
the  inter-relationships,  between  templates. 

(1)  Shrinka  ge  allowance  is  not  considered.  Shrinkage  at  the  t 

o£  welding  cannot:  be  neglected.  Even  when,  ascess  is  cakes 
as  che  place  edge,  fitting  a  wen  a  Lace  ca  a  longitudinal 
frame,  is  difficult  if  shrinkage  allowance  is  coc  consider 
ah  Che  welding  seam  between  a  loagicudiaal,  ana  a  place.  I: 
face,  3ome  of  cue  ones  ac  longitudinals  were  found.  Co  be  c 
ae  assembly.  This  is  col 7  one  assmple. 

Concerning  shrinkage,  a  recommendation  cram  IHX  is  nade 

Lat=- 

(2)  Some  match  marks  are  unsuitable.  Many  natch  mark3  are 

involved  in.  Che  HC  capes  and  camp  laces.  However,  chose  os 
ac  assembly  were  often  unsuitable,  because  match  marks 
punched  by  NC  burning  machine  ara  coo  shore  far  adjustment 
pieces  being  used  by  assembly  personnel.  It  is  easy  to  sne 
a  piece  at  sub-assmbly  while  connecting  marked  points, 
however,  it  is  difficult  for  workers  to  know  which  one  sho 
be  snapped..  In  chi3  case,  is  is  recommended  chat  longer 
marking  be  accomplished,  by  inpuc  to  idle  computer  system. 
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(3)  On  the  templates,  the  plate  edge  is  indicated  by  the  designed 
position,  and  the  excess  is  gives  by  numeric  number. 

C  Ex  1”  |  )  Therefore,  marking  the  line  to  be  cut  to 

meet  the  excess  requirment  should  be  accomplished  at  the 
marking  shop. 

It  seems  more  convenient  to  indicate  directly  the  position 
of  the  excess  on  the  templates  as  well  as  the  designed 
position  on  the  plate  in  order  to  prevent  errors. 

(4)  No  information  such  as  bridgingg  is  indicated  in  the  NC  data, 

and.  templates,  tor  is  information  available  for  deformation 
prevention,  during-  cne  catting  procedures . 

(5)  Very  fev  services  are  offered  for  dimensional  checking  at 
asssembly  and  erection.  A  full  espy  of  the  offset,  such  as 
frame  offset,  longitudinal  offset  and  seam  offset  are  issued 
to  the  production  people;  the  necessary  dimension  need  to  be 
picked  up  by  the  Mold  Loft  so  that  the  workers  don't  have  to 
pick  them  up  from  the  offset  table  themselves.  Informed 
in  this  area  should  be  provided  by  the  Mold  Loft. 
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3)  Production  Cantrol 

The  assembly  sequence  is  decided  by  production  control  and 
transmitted  in  the  form  of  a  "Piecs  level"  as  a  part  of  the  pic 
mark  system.  This  method  may  be  sufficient  for  the  assembling 
process  itself  from  fabrication  through  sub-assembly  and  asseml 
however,  it  is  very  difficult  to  indicate  the  vital  dimfensions 
points  in  order  to  maintain  a  high  degree  of  accuracy. 

If  the  fabrication  seguence  is  iadicated  by  a  drawing,  it  woulc 
become  easier  Co  recall  eha  vital  points  at  the:  tine  of  survey 
during  the  assembly  process  if  the  instruction  for  these  vital 

points  can  be  included  in  the  drawing.  This  drawing  should  be 

provided  as  the  common  base  used  by  each  shop  to  indicate  how  t 

proceed  with  dimensional  checking  based  on  the  assembly  process 
Also  the  necessary  input  for  NC  data  and  templates  can  be  per¬ 
formed  by  the  Mold  Loft  referromg  to  this  drawing. 
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V. 


) 


4)  Fabrication  (Gas  Catting,  Beading) 


According  to  the  machine  operator  at  Che  XC  burning  machine,  the 
results  of  burning  arr^s  are  sometimes  too  obvious  to  overlook* 
Checking  and  maintenance  of  the  machine  is  being  regularly  per— 
farmed  and  a  written  record  is  being  accumulated..  What  should 
be  done  now  is^reeord  the  measured  data* 

*■  During  the  time  of  the  last  survey,  two  plates  were  measured 
as  shown  in  Che  attachment  papers.  The  error  of  1/8"  in 
the  length  of  37' -6  5/6"  was  detected  in  a  square  shaped 
piece.  Another  error  of  1/8"'  in  the  length  of  86"  was 
found  in  a  flange  bracket.  Those  errors  are  considered  to  be 
excessive  for  an  SC  machine. 


Hecommended  checking  procedure.' 

For  reference,  El’s  method  is  introduced  as  follows: 


For-  precise  checking,  a  jig  with  a  bail-point  pen  is 
attached  at  the  marking  torch. 


Perpendieulary  check  of  the  torch  girder  (7-axis)  to  Che 
driving  railways  (2-axis).  (Synchronise  check). 
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o  A  X  *  15 '  Marking  by  She  ball-point  pea  or  zinc  i 
o  Then  A  Z  *  -15  ’’  harking 

'  Check  the  discrepancy  of  the  two  marked  lines 
Checking  the  rack  pinion  (lengthwise  check) 

o  A  2  »  15  ’  Marking 
o  A  Then.  2  *  -15 '  Marking 

°  Measure  the  both  length  marked  line 
Check  the  back  lash 
o.  A  2  *  10  1  Marking 

cr  Then £.2.  *  (cl  =  3/8") 

a  Measure  Gj_ 

(1)  No  countermeasure  for  de  deformation  by  heat  torsion  are 

considered. 

Briding  between  piaces  is  not  considered. 

Pending-cut  is  not  considered.  As  an  example,  at  the 
part  where  beat  is  concentrated,  the  edge  line  with  i 
cut-cuts  must  be  considered.  For  a  piece  with  a  nar: 
width,  pending-cue  is  also  necessary. 

Long  strip  scrap  should  be  cut  in  small  pieces,  becai. 
iC3  movement  during  earring  nay  cause  some  deiormaei< 

(2)  Frames  bene  by  che  aechad  of  hampering  after  hearing  in  ci 


furnace  was  found  to  be  precise,  however  many  flaws  by  hat 
aering  could  be  seen. 


r'-b/ 
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5)  sub-Assemblv 

(1)  When  welding,  shrinkage  allowance  is  not  considered. 

shrinkage  and  deformation  due  to  butt  welding  of  plates 
and  fillet  welding  stiffeners  to  the  web  plate  cannot  be 
neglected.  Actual  shrinkage  and  deformation  was  found 

as  shown  in  the  sketches  beloew,  which  was  recorded 
during  our  stay.  Another  deformation  was  found  in  the 


A.  1  *  1/4" 
Measured  after 
gas  cutting 


A  2  -  3/4" 
Measured  after 
plate  welding 

As  shown  in  the  above  figires,  defotmation  of  1  (1/4”)  is 
presumed  to  be  occuring  during  gas  cutting  because  there  is 
no  bridging  at  the  edge  ofcutouts.  Deformation  of  2  (3/  4" 
...  3/4"-l/4"  =1/2")  was  obviously  caused  by  plate  welding. 
If  this  sub  unit  is  sent  to  assembly  without  reformation, 
fittiag  this  web  to  longitudinal  frames  and  skin  plate  is 
not  easy;  the  cutouts  will  often  need  to  be  cut. 


other  webplate. 
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la.  order  Co  prevent  this  deformation,  the  following 

alternate  method,  is  effective. 


Welding  plates  before  NC  gas  cuting 

After-  fitting  all  face  plates  and  stiffeners  co  Che 
plate,  welding  follows ► 


(2)  Some  excesses  were  found  to  be  inconsistent. 

Seat  cat 


Excess 


Excess 


of  course,  this  is  not  the  responsibility  of  sub-ssembly 

The  problem  lies  in  che  fact  chat  Che  inconsistency  is  no 
found  until  subassemblies  ere  assembled.  The  inconsiseaa 
is  not  ooticable  because  che  drawing  does  hoc  detail  Che 
amc ess  end  die  only  "place  che  informacion  can  be  found  is 
Che  JC  daca  or  on  Che  cemplace.  - 
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6)  Assembly 

(1)  When  welding,  shrinkage  allowance  is  not  considered. 

(2)  Match  marks  marked  in  advance  are  not  suitable.  The  match 
marks  are  too  short  and  placed,  intermittently,  therefore 
fitting  is  not  easy  because  the  previously  fitted  structures 
hide  it.  A  consideration  for  this  problem  necessary,  as 
described  in  2)  of  this  paragraph. 

(3)  There  is  no  written  checking,  procedure  or  idea  of  the  vital 

dimension. 

(4)  Assembling  curved  shell  unitj  on  PIN/JIG 

-  The  foundation  of  PIN/JIG  is  poor. 

-  Supporting  jigs  are  not  set  normally. 

-  Positioning  of  places  is  very  rough. 

-  Dimensions  to  be  checked  are  not  prepared,  in  advance. 

The  diagonal  length  of  a  unit  is  not  prepared  by  Mold  Loft. 

(  5  )  Lap  connection  between  Longitudinals  and  stiffeners  on  a  web. 

Sven  in  Che  parallel  body,  lap  connection  is  adopted  Co  com¬ 
pensate  cor  che  errors  and  misalignment .  Lap  connection  is 
unsuitable  from  che  viewpoint  of  strength  at  che  connected 
part  or  for  saving  man  power  in  welding. 
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(5)  (Continued) 

Taking  into  accout  the  workmanship  at  NASSCO,  it  will  no 

difficult  to  change  the  method  to  butt  and  simple  fillet 

Welding. 

Introduction  of  X5X'  $  experience  on  this  subject  IS  sign 

Cant.  When  IHI  decided  to  abolish  the  lap  connection  mor« 
this  6  years  ago,  objection  from  production  people,  espe¬ 
cially  cially  vetaran  foremen,  occurred.  However,  no  par¬ 
ticular  problems  came  about  through  the  chage. 
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7  Erection 

The  shipwright  method  performed  at  NASSCO  is  much  the  same  as 
IHI ' s  method,  a  shipwright  report  IS  written  both  at  the 

beginning  and  end  of  production  ( see  the  attached  paper) . 

However,  since  no  written  standard  practice  exists ,  the  shipwright 
must  depend  on  the  experienced  personnel*  If  the  standard  prac- 

tice  is  written,  technical  transfer  to  the  less  experienced  per¬ 
sonnel  will  be  facilitated. 

One  more  problem  is  that  the  necessary  dimensions  for  checking  are 

not  prepared  by  Mold  Loft  but  calculated  or  derived  from  the  off- 
see  table  printed  by  erection  personnel.  it  is  recommended  that 
this  data  should  be  prepared  by  the  Mold  Loft. 
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3.  RECOMMENDATION  FOR  THE  ACCURACY  CONTROL  FROM  IHI 

Cancerning  thepresent  Accuracy  Cantrol  system  at  NASSCO,  the  problems 
described  111  the  previous  chapter  can  be  categorized  into  the  following 

three  (3)  areas s 

1)  Quality  Control  Standard. 

2)  Excess  Standard  in  consideration  with  Shrinkage  Allowance. 

3)  Standard  for  production  practices  and  working  practices  considering 
the  flow  of  information  and  data. 

The  following  are  recommendations  on  the  subject  from  ZHX.  Some  r=rr 
documents  are  referred  to  in  connectioin  with  the  recommendation. 
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3.1  Establishment  of  the  Quality  Control  Standard  of  NASSCO 

The  first  recommendation  from  IHI  is  to  establish  a  Quality  Control 
Standard.  It  should  indicate  the  allowable  tolerance  levels  in  kee 
with  the  effort  are  and  cooperation  of  every  phase  of  the  production  p: 
cess.  Also  it  should  indicate  corrective  action  in  case  an  an  errc 
exceeds  the  allowable  limit.  The  Quality  Control  Standard  coverst 
basic  item  of  errors  that  occur  in  every  phase  of  the  production  p 
cess,  on  special  cases,  supplemental  additional  description  is 
necessary.  It  therefore  follows  that  the  Quality  Control  Standard 
be  called  Che-  "Cana  exes  cion,  or  Quality  Can  era  L"  ► 

Since  the  Quality  Control  Standard  indicac as  c he  allowable  linirs  a 
managingmethod  for  errors,  it  can  be  said  that  the  Quality  control 

Standard  describes  the  potantiality  of  Quality  Assurance  at  NASSCO. 
Upon  introduction  to  the  shipyard,  Quality  control  Standards  can  be< 
the  goal  of  NASSCO  activities.  Through  accumulation  of  the  measure 
data  for  Quality  Control,  the  potentiality  and  ability  of  Hull. 
Construction  at  NASSCO  should  be  visible. 

After  establishing  this  system,  it  can  be  reffered  to  at  any  time  o 
any  place  as  the  base  of  Hull  Construction,  through  which  the  study 
improvement  can  be  widely  developed.  In  addition,  if  this  standard 
approved  by  the  classification  society  in  total,  it  becomes  unneces 
to  be  approved  every  time  a  new  contract  is  signed. 
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3.1  Establishment  of  the  Quality  Control  Standard  of  NASSCO  (Continued) 

IHI  has  established  a  similar  standard  called  SPAIS  (The  Shipbuilding 
Process  And  Iuspection  Standard)  .  Some  revisions  are  issued  every  year 

after  auchorization  by  the  classification  societies  and  by  the  ship 
owners . 

The  following  documents  of  IHI  are  attached  for  refernce. 

(1)  An  estra.cc  of  the  SPAIS  (The  Shipbuilding  Process  And  Inspection 

Standard) . Quality  Control  Standard  (Hull  Part) 

(2)  Management  for  Hull  Construcion  Materials  Defacts.  (“F"  series)  . 
This  IS  to  indicate  the  the  procedure  for  hull  construction 
of  the  "F-series"  ship. 


3  -  4 


3.2  Establishment  of  Excess  Standard  ia  consideration  with  Shrinkze 
Allowance 

Excess  ia  one-  of  che  mast  essential  factors  Co  consider  in  Che  diaea 

sional  control  of  hull  construction.  Excess  as  a  necessity  should  b< 
deeply  studied  from  the  data  and  the  experience  of  the  shipyard.  At 
present,  excess  is  used  to  COmpansate  for  all  errors  which  occur 

through  che  production  process,  and  excess  is  always  set  ac  Che  edge 

plate.  However,  excess  used  to  compensate  for  the  shriakage  when 

welding  is  very  important  for  maintaining  precise  shapes  of  the  coca 

Ship.  It  IS  necessary  to  cake  into  consideration  the  excess  at  the 

stiffener/  longitudinal  frame  space  to  compensate  for  shrinkage  while 
welding  as  well  as  at  the  edge  of  place. 

The  aethod  of  handling  excess  at  IHI  is  briefly  presented  as  follows 
1)  Element  of  shrinkage 

Shrinkage  occurring  through  che  production  process  can  be 
classified  into  che  following  elements . 

(1)  Corrective  action  to  maintain  Che  shape  of  ship  at  erectioi 


Shrinkage  allowance  for  welding  joints  and  reforming  by  lij 
heating  are  defined  chrough  che  experience. 
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1)  Element  of  shrinkage  (Continued) 

(2)  Allowance  for  fillet  welding  (A)  : 

There  should  be  a  shrinkage  allowance  for  fillet  welding  bet¬ 
ween.  in  Carnal'  members  to  the  skin  plate.  The  shrinkage  is 

caused  in  the  direction,  normal  to  the  welded  line. 

(3)  Allowance  for  reforming  by  line  heating  after  assembling  (3): 

There  should  be  a  shrinkage  allowance  for  reforming  by  line- 
heating  which  is  treated  on  the  opposite  surface  of  the-  skin 
plate  along  the  welded  internal  memners  after  assembly.  The 
shrinkage  is  caused  in  the  direction  normal  to  the  welded  line. 

(4)  Allowance  for  welding  plate  (i)  * 

There  should  be  a  shrinkage  allowance  for  welding  plates  in  a 
block . 

(5)  Allowance  for  fillet  welding  at  the  internal  member  (a)  : 

There  should  be  a  shrinkage  allowance  for  fillet  welding  bet¬ 
ween  stiffeners,  such  as  flat  bars  and  brackets,  and  a  web  plate 

(6)  Allowance  for  reforming  by  line  heating  after  sub-assembling  (b) 

There  should  be  a  shrinkage  for  reforming  by  line  heating 
which  is  treated  on  the  opposite  surface  of  a  web  plate  aloug 


the  welded  stiffeners . 
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1)  Element  or  Shrinkage  (Continued) 

(7)  Allowance  for  welding  plates  (a)  : 

Shrinkage  allowance  for  welding  plates  in  an  internal  mei 

(8)  other  elements 

shrinkage  allowance  forwelding  and  heating  in  a  piece  or 
block  with  a  special  shape. 

■  Z)  Excess  treats eat 

There  are  two  (Z)  practical  wa 73-  to  handle  excess  derived  tree 

shrinkage  allowance  as  listed  above. 

(U  Undivided,  whole  excess  at  the  edge  of  a  block  or  a  sub 

The  total  excess  required  is  set  at  the  edge  of  a  block  a 
a.  sub  without  division-  This  method  facilitates  the  dime 
sion  at  the  marking  phase ,  however ,  spacing  of  longitudia 
frames-  of  the  fabricated  block  become  different  from  the 
designed. 

(Z)  Separately  distributed  excess 

Corresponding  to  the  characteristics  of  shrinkage,  excess 

separated  and  distributed  to  the  spacing  of  longitudinal 

mes  as  well  as  the  plate  edge. 

« 

This  method  makes  it  possible  to  fabricate  a  block  or  a  s 
in  the  exact  dimension  as  designed,  however  it  is  tat  eas 
to  determine  the  dimension  at  the  marking  phase. 
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3)  Sxc ess  treatment  to  be  aatched  with  the  assembling  aethod 

Assembling  method  can  be  divided  into  the  following  two  (2) 
categories .  One  is  the  egg-crate  method.  The  other  is  the 
method  of  pre-welding  longitudinal  frame  to  the  plates. 


Zgg-crate  aethod 


Pre-weldina  longitudinals  to  the  plate 


Welding  skin  plates) 

(3) 

Slock  aarking 

i 

Welding  longitudinals 

(A) 

Welding  internal  aeabers 

(A)  - 

1 

I  Seforaiag  by  line  heating!  (3) 
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As  shown  in  the  above  flows,  the  fabrication  sequeaces 
(welding  sequences)  are  different  from  each  other. 

This  means  that  the  shrinkage  by  welding  results  in  the 
different  seqencs.  Therefore  in  order  to  prevent  gaps, 
it  is  necessary  to  allow  the  required  excess  at  the  conne¬ 
ction  part  of  the  skinpltes  the  internal  members  and  the 
longitudinals. 

In  addition,  the  inter-relationship  bet ween  the  akia  nlatear 

and  the  internal  members  should  be  reinforced. 

There  are  four  methods  for  distributing  Shrinkage  taking 

into  consideration  the  excess  treatment  method  and  the 
fabrication  method  as  shown  below. 


Fabrication. 
Sxcesa  '  Method 
treating  Method ' 

3gg-crata 

Method 

?r»— welding 
Longitudinal 

Undivided  whole  excess 
at  the  elate  edge 

For? 

akia  elate  . 

For: 

akin  date 

internal  mea— 

bers--  • 

bers 

Separately  distributed 
excess 

For : 

akin  date 

For: 

akin  date 

internal  =*a- 

Mam ■ 

bers 
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3 . 3  Establishment  of  a  Standard  for  production  practice  and  working  practice 

£onsiderinc^^he_£lov^0f^n£ormation^^n^^dat^ 

The  two  (2)  standards  previously  recommended  are  said  to  he  fundamental 
functions  and  data  which  should  be  used  by  all  organizations  of  the 
shipyard  On  the  other  hand,  the  third  recommdation  is  to  establish 
the  concrete  standard  practices  at  NASSCO,  whic  will  define  the  goal 
and  improve  guality  potestial. 

To  establish  the  standard  practices  for  each  shop,  the  role  of  each 

must  be  clearly  reviewed  in  the  production  process  flow,  that  is,  the 
input  and  the  output  should  be  clear.  The  necessary  data  and  infor¬ 
mation  to  obtain  high  accuracy  in  a  shop  should  result  from  the  output 

in  itS  preceding  phase. 

As  described  before,  workmanship  at  NASSCO  is  considered  fobe  satis¬ 
factory.  The  problem  is  that  the  potentiality  depends  on  personal 
experience  since  the  practices  are  not  written  at  this  time.  If  the 

practice  is  written  into  the  standard  with  some  improvements,  a  uniform 
quality  can  be  maintained  by  different  personnel,  therefore  training 

new  personnel  becomes  much  easier. 

production  standard  practice 

Each  shop  has  its  own  standard  practice. 

(1)  Standard  Practice  for  working  drawing. 

(2)  Standard  Practice  for  Mold  Loft 
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1)  Production  practice  standard  (Continued) 

(3)  Standard  Practice  for  Fabrication 

(Marking,  Burning,  Bending) 

(4)  Standard  practice  for  Assembly 

(5)  Standard  Practice  for  Shipwright 

(6)  Standard  practice  for  welding 

Standards  should  not  contrdict  each  other  should  be  main¬ 
tained  o  r  revised,  if  necessary,  when  a  fabrication  method  is 
improved. 

2)  The  contents  Of  the  standards 

The  contents  of  be  the  standards  are  as  follows: 

(1)  Check  points 

(2)  Checking  dimension 

(3)  Checking  method 

(4)  Allowable  tolarance 

(5)  Checking  procedure  for  jigs  and  machinery 

(6)  Feedback  and  treatment 

3)  in  example  far  assembly 

Cl)  For  a  flat  block  (Skis,  place) 

—  Plate  arrangement  (positioning,  Macch  mark) 

—  Welding-  (Hisallgsment ,  Gap) 

—  31ock  marking  (Diagonal  length,  width,  straightness) 

—  Opening  holes 
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3)  An.  azampls  for  Asaeably  (Continued) 

(2)  For  a  curved  shell  block 

-  Supporting  jig  (Normality,  Height) 

-  Plate  arrangement  (Jig  position) 

-  Datan  line  for  joint 

-  Block  marking  (Four  edges  Diagonal  length) 

-  Opening  holes 

(3)  For  fitting 

•  Eliminating  welding  bend  at  the  cross  point  of 
joints  and  internal  structures 

—  Gas  cutting  (Gas  notch,  Roughness,  Cheek  line) 
—  Edge  point  Of  webs 
—  Edge  point  of  frames 

-  Fitting  angle,  of  webs  agaiasrt  the  skin  plate 

—  Fitting  angle  of  frames  against  the  skin  plate 

-  Fitting  collar  plate 

-  Misalignment  and  gap  at  the  cross  point  of 
internal  members 

(4)  Grinding  up 

Wrong  bend 

-  Bead  at  temporary  piece  for  fitting 
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3)  An  example  for  Assembly  (Continued) 

(5)  Reforming  by  like  heating 

-Connecting  part  at  the  edge  of  block 

-  Burning  tamperature 

-  Location 

(6)  Finished  up 

Concerning  the  above,  the  actual  examples  from  IHI  shall  be  presents 

is.  Che  oezc  chapter- 
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4.  INTRODUCTION  OF  IHI  ACCURACY  CONTROL  SYSTEM 


in  order  to  clarify  the  procedure  of  Accuracy  Control,  the  ihi  Accuracy 
Control  System  is  introduced  as  one  of  the  actual  examples.  The 
following  flow  chart  indicates  a  total  scope  of  the  IHI  Accuracy 
Control  System  (see  Fig.  2) . 

As  shows  in  the  flow  the  following  items  are  clearly  defined. 

(1)  Working  flow  from  Basic  Design  through  production  process. 

(2)  Connection  between  working  flow  and  organization. 

(3)  Location  and  role  of  the  standard 

SPAIS  . The  Shipbuilding  Process  And  Inspeciton  Standard 

Excess  Standard. 

Working  Practice  Standard 

(4)  Accuracy  Control  data  for  the  actual  ship 
-Blocking  (Block  division) 

—  Sseeas 

-  Fabricacion  sequence 

-  Checking  proced- 

-  Allowable  tolerance 

-  Base  line  (March  mark) 

These  data  are  defined  and  adainistared  by  production  planning 
uader  the  authorization  of  Che  Accuracy  Control  Cormittae. 
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(3)  Where  and  how  are  chose  inforaatiou  recorded  and  distributed? 

(6)  Feedback/Amendment  flow 


r 


i 


WrtmillG  HIAC-I  ic:|£  SIANIMU) 


pxcrss  SIAHIVJIM 
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A  detailed  description  on  the  IHI  system  is  presented  in  the  follow 
documents : 

(1)  "IHI  Accuracy  Control  Systen" 

The  following  are  referenced -ia  Che  above  document. 

1)  Accuracy  Control  -  Check  points,  Checking  Dimension,  Check 

Method  based  on  Fabrication  sequence  fEuture  -  32  bulke 
prepared  by  IHI. 

2)  Accuracy  Control  Check.  Sheet,  for  suture  -  32  Bulkers  —  pr 
pared  by  ISI- 

3)  Accuracy  Control  —  The  Scheme  of  Che  Added  Materials  and 
Phase  for  Finishing-  up  for  the  Future-  —  32  3ulker3  at  IHI 
AlOI-Shipyard ,  prepared  by  IHI. 

4)  Standards  and  Tolerances  for  Maintaining  High  Accuracy  at 
AIQI-Shiayard ,  prepared  by  IHI. 

Hull  Block  construction  in  KUTO  Shipyard  of  IHI. 


* 


3ase  Line  effective  for  maintaining  high  accuracy  included  in  che 
output  through  engineering  and  lofting. 
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tst  tt^CTZD  SCHEDULE  FOR  THZ  2ND  SuHVEY  AND  STATION  AT  NASSCO 

The  following  is  the  proposed  schedule  for  implementation  of  Accuracy 
Control  and  the  2nd  survey  at  NASSCO. 

*  1st  week  -  2nd  week 

~~?l=atioxl  of  IHI's  report  on  the  1st  Survey. 

2nd  week  -  3rd  week 

Discussion  and  reconciliation  of  recorsnendation  from  IZI. 

*■  4-ch.  week.  —  Sen  week 

Derailed  surrey  at  each  shop  to  docuaent  ( learn)  the  A.C.  activities  - 

it  appears  to  be.  easier  Co  scarr  fren  the  actual  acririries  than 
preceded  with  the  study  cn  the  basic  standard.  Through  — e  three- 
weeks  study,  nassco  can  draft  up  its  own  basic  standards  referring 


to  IHI's  standard. 
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QUALITY  CONTROL  STAND ARDD 
(Hull  part) 
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QUALITY  CONTROL  STANDARD 
(  HULL  PAST  ) 
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QUALITY  CCNT20L  DEPAZZMStlT  . 
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INTRODUCTION 

All  newbuilding  I.H.I  Kure  shall  be  constructed 

and  inspected 

in  accordance  with  "Quality  Control  stadard". 

It  iS  the  intent  of  this  standard  to  supplement 

"shipbuilding 

Process  and  Inspection  Standard"  which  is  established 

by  I.H.I. 

INDEX 

Gas  cutting  (Notch) 

2 

Fabrication 

3 

Misalignment  in  butt  joint 

k- 

Misalignment  in  fillet  Connection 

5 

Gap  between  butt  weld,  edge 

6 

Gap  between  members  in  »  connection  and  penetrations  7 

Gap  of  laps  between  members 

8 

Gap  of  laps  between  beams  &  frames 

8 

Breadth  of  lap  joints 

8 

Under-cut  in  welding 

9 

Shape  of  welding  beam 

9' 

Other  welding  item 

10 

Deformation 

11 

Distorsion  &  straightness  (Curvature) 

12 

Line  heating  method 

13 
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1)  Upper  edge  of  sheer;  Indentation  -0  In  case  where  it  is  necessary  tc 

Strake.  smoothly  finished  by  grinder  it 

to  be  welded  up. 

2)  Strength  deck  bet-  . 

wees  O.SL  3  and  free 
edge  aZ  opening  of 
3fae.ll  plate* 

3)  Main,  longitudinal 
strength,  member. 

4)  Longitudinal  and  Indentation  £1 
transverse  strength 

members . 

5)  Others  Indentation  S  3 


2.  field  groove 

1)  Shell  plate  and  Indentation  S  2  Notch  is  to  be  **■**•*  grin 

uuperd*eclc  between  or  gouging' 

0.6  L  a. 

2)  Others  j  Indentation53 


.mu  .  m 


1-  l.  ;j* 


u* 


Allowable  limit 


Remarks 


1.  Si za  of  Member  ! 

I 

1)  General  members,  j 
cccroared  with 
co^pctt  sizes. 

2)  Especially  for  the 

depth-  of  floor  and  | 
girder  of  double  j 
bottom  compared  eithi 
collect  sizes.  I 


5)  Breadth  of  face  bar,;  -3.o  —  +4.a 
conrtjared-  with  cornet!  -  '  .  '  - 
size.  -  - 


+  4.0 


2 .  Size 


1)  Flange  section 


4 

d 


2)  Built-up-  section 


d\ 

i 

I  ( 


3.  Angle  . 


1}  Flange  section 


2)  Built-  uu  section 


b  s  i  5.0 


d  :  15-0 


(d  r  *  3.0  ) 


|  b:  nominal. 

\  breadth  -2 

i 

j 

i  d:  nominal 
|  depth  1  2 


±  4.5 


a  »  - 


The  bracketed  ones  shoe  the  case  inert 
strength  is  especially  required. 

(e.a.  longitudinal  members,  etc.) 


compared  with  template 
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Misalignment  in  butt  joist 


1.  skin  plates 

(Bottom  shell.,  side  shell. 

Zc  deck  plate) 
and  Longitudinal 
strength,  members 


Allowable  limit 


a  <,  0.15  t 
(-.  mar  =  3«0) 


3emarks 


1.  %en  *a‘  exceeds  that  alios 
Limit,  the  batt. -shall,  be  rea 


2.  Bulkhead  plates  and 
insterior  members 
(including  face  plate) 


a  i0.2t 
( ?.  car  =  5*0) 


'Shea  ’a’  exceed  the  allowab 
T-t.ari.fe.,  the  reinforcement  bj 
welding  shall  be  done  or  th 
plate  shall  be  realigned  ai 
mutual  discussion  among  bui 
buyer  and  classification  so 


t4 1  ai 

^  i  _ i 


\  ~  / 


Sam  between  butt  weld  ed 


I  teat 


Allowable  liail 


Remarks 


1.  Butt  weld  elates 


a£5 

In  cage 

l)  5  a  £  16 

;  When  pL.tl»icJc^/C 
f  A.  5  <.  a  -<.1C 
(When  PL. thscx-c  /0 


j  2)  25  >  a  >  15 

i«hen  PL.thicKS  10 
f  A  IS  ^  a  =-10 
(When  PL.tfcicKClO 


2.  Butt  weld  of  sections 


3)  a  >  25 

When  eL.flaeX->!0 
A  a  >16 

Wh«r  2L.ttocX</0  ) 
a  £5 


i?hen  'a*  exceeds  tie  allowable  1 

the  edges  shall  be  treated  as  fo, 

1)  The  edge  shall  be  built  up 
weldilng  with  a  backing 
strip,  and  then 

back  welding  shall 
be  done  after  ?  yy 

removing  the  backing  EZZ 
strip,  and  after  back 
chipping. 

2-a)  ahen  the  renewal  of  a  longi 
member  is  necessary,  the  sc 
the  renewal  shall  be  dieided 
by  case,  with  the  agreement 
the  buyer  and  the  classific 
society. 

For  the  other  members,  the  ; 
of  at  least  3CCma  width  sha. 
renewed. 

2-b)  If  2-a  is  not  applicable,  t] 
edge  shall  be  built 
up  by  welding,  and  1  k 
then  the  butt  shall  ^ ^ 
be  welded. 

5)  The  members  shall  be  partiall; 
renewed  in  the  3aae  way  as  sp< 
in  above  paragraph  2-a. 


*hen  a  exceeds  the  allowable  lim- 
the  gap  shall  be  treated  in  the  ; 
way  as  the  butt  weld  plates'. 


3.  CES  welding 


FT  £  a  £  40  'Alien  a  exceeds  4Cam,  the  gap  shi 


In  case 


treated  as  follows. 


1)  **0<afL40+vjl)  The  edge  shall  be  built  up  by 


2)  a  >40  +  t  I  2)  The  plate  shall  be  partially 
I  renewed. 


4. .  Electro  gas  welding 


!  10  £  a  i.  30  I  -  --  ~:c  .... 

Incase  i  :  -  .-.1  .ir 

1)  30  ^ 3. £30  ti'  i)  The  edge  sh«l i  be  built  up 

•  »  ”  'by  welding 

!  I 

2)  a  >30  +  t  •  2)  The  plate  six-,  all  be  parcially 
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1.  T  connection 


»n  testers  ~  ?  rnr.n«»etion  and  renexrations 


1)  3  <a  £5  1) 

2)  5  <  a  £  16  2) 

(*h«n  PL. thick  ^10 

A  5  <  a  12  j 


a.1 


aj 


3)  a  >  16  j  3) 

i(wben  PL.  thick  2*10) 

A  a  >12  | 

(when  pUthick^lOj) 


2.  Members  penetrating'  , 
through  bulkhead  plates- 


C  or  C1^3 


•  c 


In  case 
1)  3  <  c 

Cl'  S7 


!  When  *CT  or  'Cl*  exceeds  the  allowable 
j  limit,  the  slot  shall  be  treated  as 
|  follows. 


or  ■  1) 


2)  C*  or  Cl>?  j  2) 


II 

' 

f 

' 

71 

u 

_ 

A SL 

m 

E 

JSBL 

h 

E 

ua 

If  the  penetrating  members  are 
designed  with  a  lapped  collar 
place,  the  collar  plate  shall  be 
replaced. 


i 

i 

J 


Gap  of  laps  between  members 


I  tea 


AH  a  Table  limit 


Remarks 


3 .  Lap  weld 


3 


i  la  case 

3  <c^5 


2)  5  <  C 


When  1  c*  exceeds  the  allowab 
Halt,  folio  Ting  treatment  s 
be  applied. 


1)  Weld  leg  length  shall  be 
increased  by  '  c*  a, a. 

2}  The  member  shall  be  real 


Gap  Of  laps  between  beams  &  frames 


Item 


Allowable  1  tacit 


Remarks 


When  '  a1  exceeds-  the  alio  was 
Halt,  .  the  aembers  shall  be 
realigned. 


Breadth  of  lap 


Allowable  Halt 


Remarks 


L=rule  require—  When  •L*  is  less  than  the  rul 
sent  requireaent,  the  joint  shall 

treated  as  follows. 

In  case 

1)  Shortage  of  !1)  The  edge  shall  be  built  i 

lap  ^  t  |  welding  where  the  lap  is 

2)  Shortage  of  :2)  The  plate  in  shortage  of 


lap  >  t 


shall  be  partially  renew* 
or  if  applicable,  the  jod 
nay  be  modified  to  a  but 
Joint. 
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Under-cut  in  Welding 


L~  For  butt  welds 

*  ».  • 

aj  For  ’na-in  structures  I  sax  depth:  0.5a 


within  0.6L  S 
(skin  plate,  longi¬ 
tudinal  member-  and. 
principal  transverse 
supporting  members) 


(length  or  more 
than.  9Cms) 


b)  For  other  members  j  max  depth!  Q.&na, 


'■hen  under-cut  exceeds  the  allowable 
limit,  the  under-cutshall’  be  'filled 
sp  by  s»$ldiag>. 

However,  the  filled  up  welding  shall 
hot  be-  ground  off. 


2.  Far  fillet  welds 


max  death:  0.3mm- 


Shape  of  welding  bead 


Allowable  limit 


Beaarks 


1.  Height  of  re 
inforcement 


not  defined 


2 .  Breadth  of  bead 


not  defined 


5.  Flank  angle 


9  £.90° 


In  ea se  where  &  is  over  90  ,  it  is  to 
be  repaired  by  grinding  or  welding  to 
make  £  90  . 


welding 


grinding 


4.  Leg  length 


L  :  leg  length  In  case  where  it  is  over  tolerance 
t  :  throat  _  limits,  weld  up  over  it. 
depth 

^  0.9L 
>0.9/ 


V  4 
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Other  welding  item 


Allowable  limit 


Short  bead. 

1)  Higher  tensile 
steel  (50  kg/mcx^ 
class) 

2)  Mild  steel 


>50  ma 


not.  defined 


In  case  where  short  bead  is  used 
unavo idabll 7 ,  nrsheating  is  neces 
at  100  +  25°C.‘ 

lihen  short  bead  is  made  erroneous 
remove-  the  bead  by  grinding,  and 
weld  over  5Caa  after  checking  roo 
crack  or  heel  crack. 


Arc  3 trike  Higher 
tensile  steel 
(50  kg/mar^  class)  and 
grade  2  steel  of.  mild 
steel 


prohibit  arc- 
strike 


In  case  where  arc-strike  is  made 
erroneously,  one  of  the  following 

repair  method  is  applied. 

1)  ’ffeld  aver  5Cna  bead  on  the  arc- 
strike. 

.2)  Seaove  the  hardened  zone  by 
grinding. 

3)  Apply  pest  heating  at  350  -  65< 
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Deformation 


Division 


Shell  plate 


Parallel  part  side  shell 
Parallel  part-  bottoa  shell 
Fore  and  aft  eart 


Doable  bottoa  tank  top 
plate 


Bulkhead 


Longitudinal  bulk-head 


Transverse  bulkhead 
(Swash  bulkhead) 


Web  of  girder  and  trass 


^  Floor  £  girder  in  double 
botton  tank 


Allowable  limitna 


7  (  t  i  3 

8  (  t  ; 

8 


stween  0.5  L  3) 

5 

* 

8 

'  9 

Second  deck 

Bare  part 

8 

covered  part 

9 

Fore-castle  deck 

Barr  part 

5 

Poop  deck 

Covered  part 

9 

Super-structure  deck 

Bare  part 

5 

Covered  part 

9 

House  wall 

Outside  well 

6 

Inside  Wall 

6 

Covered  part 

9 

Distorsion  &  Straightness  (Cur-ratare) 


Line 


heating  relied 


Kind,  of  steel 

|  Max.  permissible  Max,  tenner ature 

j  temperature  •  1 f or, conaencirg  w. 

2enark3 

Mild  steel 

900  °C 

850  °c 

Air  cooling  and 

water  cooling 

H.  Z’.  steel 

900  °c 

Air  cooling 

900  °c 

u 

0 

8 

Water  cooling- 

650  °c 

650  °c 

Water  cooling 

i 

i 

t 
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i 

i 

i 

I 
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Haaageaent  for  5nl1  Construction  Materials  Defects 
(•  "T"  Sc rise  ) 

l)  As-  far-rcpair  of  defect.  The  area  necessary  for  approve 
by  the-  owner  and  classification  society  will  be  shown 
im  -the  following  sketch .(  I  ten  0  • — >(3)  ) 

2D  *  The  -defective  materials  of  the  area  except  taentioned  si 
should  be  repaired  in  the  yard  side  according  to  ”  Heps 
procedure  for  hall  construction  materials  '* 


"Xhe-  area  to  be  repaired  after  approval 
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1.0  Preface 

Activity  for  keeping  high  accuracy  of  ship's  hull  as  a  part 
of  quality  control  has  been  performed  at  every  shipyard  of  IHI 
This  activity  is  promoted  by  Production  Control  Department  under 
the  support  of  whole  organization  of  the  shipyard  from  Engineering 
Department  to  Hull  Construction  Department. 

As  described  in  the  following  chapters,  this  activity  is  a  sys¬ 
tematic  and  integrated  approach  to  achieve  the  aim  given  to  the 
shipyard,  i.e.how  to  construct  a  ship  in  safe  and  highly  produc¬ 
tive  manner. 

The  terminology  of  "Accuracy  Control"  may  be  new  word  but  its 
idea  shall  be  understood  through  this  brief  paper.  Accuracy 
control  can  be  said  one  of  the  concentrated  know-how  of  IHI's 
shipbuilding  technology  accomplished  through  the  Long  experience 
still  being  refined  every  day. 
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2 . 0  _IHI_^Vccurac^_contro^_S^stem 

Though  final  inspection  of  hull  Structure  is  reminded  to  be 
important  in  the  meaning  of  gurantee  of  ship' s  quality,  IHI 
considers  that  quality  control  through  the  production  process 

asst  be-  acre  iaportant. 

I HI  Accuracy  Control  i a  a  system  to  be  supported  by  all  organi¬ 
zations  of  tbs  shipyard  from  Engineering,  Mold  Lofting,  Marking. 


a  ship  in  safa,  in  high,  quality,  in  high  productivity  and,  even— 
tually  in  low-  cost*  In  that  Banning,  the  teraiaolagy  of  "Accurst* 
Control"'  is  distinguished  froa  "Quality  Control"  or  "Quality 
Assurance!!,  ? 

2,1  Basic  ghiioaouhr  in  Proaotiag  Accuracy  Control 

Sven  though  there  night  be  nany  ways  of  accuracy  control,  131 
considers  that  the  biggest  these  in  hul^__ 

high  accuracy  of  the  shape  of  hull  units  at  the_  ernctj1flg_j^tj|££. 
In  other  words,  the  these  is  to  minimize  the  works  at  erection 
with  the  effort  by  the  preceding  phases  such  aa  assembly,  sub— 
assembly,  fabrication  and  engineering,  including  sold  lofting. 
Because  at  erection  stage,  various  kdwd*  of  hard,  work^  shall  be 
caaaed  by  as  inaccurately  construe  ted  unit  such  as:- 

V"* 

•  Too  sany  gas  cutting  to  adjust  erection  joints, 

•  Welding  with  a  backing  strip  to  fill  up  a  too  big 
gap  at  a  joint. 

•  Cutting  off  previously  welded  parts  and  rewelding 
to  set  right  the  connecting  parts  at  a  joint. 
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2.1  Basic  Philosophy  in  Promoting  Accuracy  Control  at  IHI  (Corkaued) 

o  Too  much  gas  cutting  for  adjustment  to  erection  joints. 

0  Welding  withh  a  backing  strip  to  fill  an  oversized  gap  at  a  joint. 

o  Cutting  off  previosly  welded  parts  and  rewelding  to  align  the 
connecting  parts  at  a  joint. 

ALmost  all  of  this  work  needs  to  be  performed  on  high  scaffolding  where 
working  conditions  are  neither  safe  nor  conveninent. 

It  must  be  recognized  that  accuracy  is  erection  is  a  rssule  or  accuracy 
in  the  preceding  steps  to  erection  such,  as  narking,  catting,  bending, 
fitting  and  welding. 

Before  introducing  the  actual  method  used  in  Future-32  Bulkers,  a  brief 
explanation  on  the  concept  of  IHI  Accuracy  Control  is  presented  in  the 
following  (2)  flow  charts: 

Flow  chart  -  1:  Concept  of  Accuracy  Control  in  IHI 
Flow  Chart  -  2 :  Data  Flow  of  Accuracy  Control  in  IHI 
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2 . 2  Accuracy  Control  Procedures  for  IHI  Future-32  Bulkers 

As  described  in  2.0  of  this  paper,  the  activities  of  Accuracy  Control 
are  started  before  the  development  of  a  working  drawing.  This 
procedure  has  not  only  been  used  for  Future-32  Bulkers  but  is  also 
applicable  to  other  ships. 

IHI's  procedures  follow  a  cycle,  called  the  ZD  cycle  (Zero  Defect 
Cycle)  ,  of  plan  Do  “  See  -  Action"  1  This  procedure  attaches  special 
importance  to  the  elements  of  '  See'  and  'Action1  .  They  are  viraL  to  the 
success  of  work  and  are  linked  to  the  next  stages  of  the  plan. 


The  actual  activities  at  IHI  AIOH-Shipyard  are  presented  from  design  to 
production  as  follows  :  A  specialized  group  called  the  A.C.  Group,  four 
hull  production  engineers  per  building  berth/dock  are  assigned.  They 
direct  all  Accuracy  Control  activities  in  every  process,  with  the  sup¬ 
port  of  every  work  shop.  The  following  figure  is  a  data  flow  chart 
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2 . 2  Accuracy  Control.  Procedures  for  IHI  Future-32  Bulkers  (Continued) 

1)  A.C.  Engineer  attendance  at  the  preliminary  design  phase 

After  basic  design,  Accuracy  Control  activity  commences.  At 
that  time,  basic  drawings  are  issued;  that  is,  LINES  (not  fair 
MIDSHIP  SECTION,  CONSTRUCTION  PROFILE,  GENERAL  ARRANGEMENT  and 
MACHINERY  ARRANGEMENT- 

The  A.C.  Group  participates  in  dsigning  the  Block  Division  an 
Erection  Sequences.  ^  indepth  study  from  many  aspects  is  con 
ducted  oa  Che  Cargo  Hold  Section,  because  it  is  the  most  essanc 
portion  of  hull  coustruction  from  the  viewpoint  of  concentrate' 
work  load.  In  addition,  the  cargo  hold  section  is  the  startin' 
point  far  the  accuracy  control  of  the  curved  part.  The  fabric 
tion  method  of  cargo  hold  units  and  curved  units,  shipwright 
welding  mechods,  and  vital  points  for  maintaining  high  aecurac; 
are  studied. Along  with  the  basic  planning  for  hull  productior 
preliminary  drawings  on  Shell  Expansion,  Upper  Deck  Plan,  Inne: 
Bottom  Plan,  Longitude  3ulkhead  profile  and  Section  Drawing  ar' 
developed-  These  drawings  are  used  for  detailing  the  iabricat: 
method  and  Accuracy  Control  Planning.  Sent  the  working  dravin; 
are  developed. 

During  this  procsss,  the  following  data  is  generated  by  A.C. 
Group  : 
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2 . 2  Accuracy  Control  Procedures  for  IHI  Future-32  Bulkers  (Continued) 

The  scheme  for  the  excess  and  the  phase  for  completion 

This  scheme  is  designed  to  take  into  account  the  following 
fundamendal  functions: 

*  Vital  points  and  vital  dimenions  to  maintain  high  accuracy. 

*  Fabricating  sequence  and  fabricating  method  for  a  uuit. 

*  Erection  sequence  of  units. 

*■  Welding  method. 

*■  Consideration  for  shrinkage* 

la.  ehis  drawing,  the  following  information  is  involved: 

*  Dimensions  of  excess  materials. 

*  The  phase  for  completion. 

*  Welding  method  (  automatic  welding  to  be  adopted) 

An  actual  example  is  provided  in  the  attached  paper,  "The  Scheme  of 
the  Added  Materials  and  the  phase  for  Completion  for  the  Future- 
32  Bulkers  at  IHI  AlOI-Shipyard" . 

o  Check  points,  checking  dimension,  checking  method  at 
Sub-assembly,  Assembly  and  Erection. 


o 


Instructions  for  shipwright  erection. 
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2 . 2  Accuracy  Control  Procedures  for  IHI  Future-32  Bulkers  (Continued) 

o  Vital  points  at  the  Fabrication  phase  (Marking,  Gas 
Cutting  and  Sub-Assembly)  and  Base  Lines  to  be  gener 
from  the  Mold  Loft. 

The  three  documents  listed  above  are  designed  to  show  concrete 
methods  in  promoting  the  Accuracy  ControL  activities  in  the  ac 
phases  of  hull  construction.  The  actual  example  for  these  is 
sented  in  the  attached  paper  "Accuracy  Control  -  Check  Potie, 
Checking  Dimension,  Checking  Method  Based  on  Fabrication  Seque 
for  Future-32  Bulkers". 

It  should  be  noted  that  A.C.  glancing  precedes  cmmnenceazenc  of 
working  drawings ,  Chat  is ,  this  planning  is  a  guidance  to  ind: 
the  actual  fabricating  method  for  the  ship' s  bull  on  the  worki 
drawings.  In  addition,  through  the  Planning,  discrepancies  ai 
forecast  and  allowance  cor-  then  is  prepared. 


2.2-9 


2)  Accuracy  Control  Activities  in  Production  Planning  and _ 

Construction  Process 

In  this  phase,  the  actual  measurement  is  performed  in  accord¬ 
ance  with  the  plan  discussion  in  previous  paragraph. 

The  Accuracy  Control  Group  has  designed  a  measuring  sheet  with 
certain  points,  such  as,  checking  methods,  responsible  personnel 

and  frequency  of  aeasureaeat»  The  actual  fsrs  is  provided  is  the 
attachment'  entitled  "Accuracy  Control  Check  Sheet  for  ?utnre-32 
Bulkers". 

The  actual  measuring  instruments  used,  Such  as  scale,  wire, 
transit,  plummet  and  special  jigs  are  to  be  used  for  specific 

parts  which  are  not  easily  aeasrured  by  ordinary  isstrsaents. 

XHX  has  &  standard  and  tolerance  table  for  Maintaining  high 

accuracy.  It  was  developed  as  the  result  of  IHI's  long 
experience  in  this  area.  The  values  in  the  table  are  generally 
more  strict  than  that  required  by  ship's  owners  and  classificat  - 
ion  agency.  This  is  IHI's  target  at  this  moment. 

With  the  combined  use  of  the  tolerance  and  check  sheet,  actual 
measurement  and  checking  is  Conducted. 

The  actual  tolerances  at  TEH*  are-  provided  in.  th*  attached  paoer 
entitled  "Standard  and  Tolerances  for  Maintaining  High  Accuracy 
at  IHI  AIOI  Shipyard". 
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3)  Analyzing  Measured  Data 

Measured  data  during  the  production  process  is  gathered  by  the 
Accuracy  Control  Group  and  analyzed.  As  a  result  of  the  analys 
suitable  action  is  taken  by  A.C.  Engineer  as  follows: 

o  Continue  more  detailed  investigation, 

o  Review  the  fabrication  method, 

o  Investigate  instruments . 

a  Investigate  Che  foundation,  such  as.  platform  at  AssembLy 
or*  cribbing  at  Erection. 

o  Coordinate'  Che  scheme  a£  hand  assort* 

a  Change  dimension  of  excess  materials  (feedback  to  working 
drawing) . 

Dailly  controL  of  workers  is  mainly  per  formed  by  tolerance  count 
that  is  by  checking  to  see  whether  errors  are  within  the  allows 
tolerances..  However,  for  improvement  it  is  -not  sufficient  to 
check  only  by  the  tolerance  control,  method  to  ensure  chat  all 
measured  data  are  within  the  tolerance  levels.  The  charac¬ 
teristics  Of  and  tendency  towards  errors  must  be  clearly  iden¬ 
tified,  so  that  a  statistical  metho  can  be  adopted  to  analyse 
measured  data  at  IHI .  Since  the  theory  of  statistics  is  weLl 
known,  the  applied  method  is  briefly  described  here. 
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Ifheret  X  ; 

K  ; 
XL  t 
Ni  : 


Kean  Value 

Total  number  of  data 

Data  -raise  (error) 

Data  number  for  'raise  11 


a)  Generally  Mean  Value  is  significant  only  when  the  data  is 
sampled  at  random-  If  data  is  gathered  fro®  a.  limited  range* 
and  it  doea  not  present  source  data  realistically. 

b)  Usually  Mean  Vain*  of  errors  are  planned  zero  (0) . 

So  if  the  actual  Mean  Value  is  different  from  the  one  planned, 
it  could  signify  that  thw  Mean  Value  should  be  re-planned  or 
the  fabrication  method  should  be  changed.  Refer  to  the  following 
examples . 

c)  Examples 

Ex  1:  Take  a  premise  that  the  Longitudinal  2HD  under 

a  Tank  Top  is  finally  cut  at  cutting  phase  with 
some  margin  for  shrinkage*  and  Mean  Valne  of 
measured  data  after  welding-  at  Sub-Assembly 
presents  the  shortage  comparing  with  the  planned 
▼alue  (aero). 


(Judgment) 

Check  Gas  Kerf  compensation.  Then,  if  Gas  Kerf 
compensation  is  good  enough,  margin  for  shrinkage 

was  too  short. 
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3)  Analyzing  Measured  Data  (Continued) 


(Action) 

Add  the  absolute  value  of  the  Mean  Value  to  the 
previous  planned  margin . 


Sx  2: 


Mean.  Value  or  deformation  ac  Tank  Top  place  was 

detected  &?■  1/1"  at  the  center  or  the  plate* 

77  TCP- 


(Judgment) 


Check  the  level  at  the  platform  on  which  the  uni 
were  cons  true  tad. 


(Action) 

If  the  Levd  at  the  platform  is  good  enough,  imp 
vement  of  fabrication  method,  such  as,  "inverse 
strain"  shall  be  considered* 

(3-2)  Standard  Deviation; 

(J"  -  I)2  r  (Zz  -I)2  +■  -  *  (!■  -T)Z 

\j  'X  ~  L 

GT  :  Standard  deviation 

'l  :  Mean  value  of  data  (error) 

Zi.  ;  Data  value 

XL  :  Data  number  for  data  Zi 


where 
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a)  It  is  clearly  understood  from  the  above  equation  that  CT  means 
the  Mean  Value  of  Variance  of  data.  This  might  be  more  clearly 
understood  if  (N— 1 )  is  replaced  by  N  in  the  equation. 

Strictly  speaking,  0”is  the  mean  variance  of  the  measured  data 
from  the  Mean  Value  of  the  measured  data. 

b)  From  this  fact,  the  following  analysis  is  possible.  A.  large 
valued  O'  compared  with  the  past  record,  means  that 

there  is  a  large  variance  in  the  fabrication  method  itself. 

The  fabrication  method  should  be  reevaluated  for  uniformity  and  by 
personal  opinion  differences  should  be  eliminated. 


c)  Example : 

A  large  (Jfepmpared  with  the  past  record  was  detached  at  the 
length  of  the  Longitudinal  frames  which  were  fabricated 
manually  . 

(Action) 

Examine  how  and  by  whom  these  frames  were  made.  The  plan  of 
the  fabrication  method  should  be  fully  investigated. 
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d)  Feed  Back 

Through  analysis  of  che  measured  data,  suitable  action  should  ' 
taken  for  che  next,  unis  and  for  che  next  ship.  The  following 
changes  made  from  feed  back  due  to  Accuracy  Control  activity. 

o  Change  dimensions  of  excess  maearials  (feed  back,  cs 
working’  drawing) 

o  Add  Base  Lines  in  che  output:  from  Hold  Lofting  (feed 
back  Co  Mo  Id  Lofting) 

a  Change-  fabrication  methods,  (preventing  heat  distortion, 
fabricating,  sequence) 

o-  Hein  force  platform  at  Assembly. 

o  Consider  Cocking— Down  in  cribbing. 

o-  Adjust  Gas  Serf  compensation* 

Accuracy  Control,  engineers  are  responsible  for  chese  actions, 
addition,  it  should  be  noted  chat  chese  actions  lead  cc  a  final 
(complete)  plan  and  close  a  cycle  (Accuracy  Control  Cycle). 


PLA-3  - >  BO  - >  SEE  - >  ACTIO 


Through  cycled  activity,  information  and  data  is  accumulated  in 
che  shipyard. 
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5) 

Though  the  meaning  of  the  allowable  tolerances  on  error  may  be 
easily  understood,  is  may  be  interesting  to  note  the  gap  tolerance 
at  the  butt  weld. 


6uuj^%»«r  •xetixl 


(5-1 

Ga 

<  Gn‘  - 

m 

— —  To  be  cat  up  Co  Ga 

Ga 

>  Gw  - 

— —  To  be  built  up  normal  bevel  .using 

backing  strip 

Ga  <  Ga  <  Gw  - 

— —  Normal  welding 

Ga  is  actual  gap . 

Therefore,  Ga  is  Che  lower  limit  and  Gw  is  Che  upper  limit  of 
tolerance  on  che  root  gap  for  welding. 
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5)  Tolerance  on  the  Gap  at  Butt  Welding  (Continued) 

(5-2)  Modification  of  distribution  of  errors  according  to  the 
change  of  fabrication  method. 


.  Distribution  or  Srror3 


As  3hova  in  the  above  figure,  distribution  of  errors  ean  he  iat 
tioually  changed  by  modification  of  fabrication  method* 

When  che  original  distribution  is  supposed  Co  indicate  Length  o 
burs  welding  at  erection,  che  ratio  between  ’’gas  cutting”  and 
"welding  with  backing  strip”  can  be  intentionally  changed  only 
treating  che  mean  value  being  shifted  without  any  ocher  crsacne 
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This  suggests,  that  in  case'  welding  with  a  backing  strip  is  more 
easily  accomplished  than  gas  cutting  for  erection  work,  it  is 
recommended  that  the  mean  value  of  gap  in  the  direction  of 
decreasing  gas  cutting  be  shifted. 

Horeover  taking  into  account  the  standard  deviation.  and  (J*  2., 

Aj-  becomes  much  smaller  than  Ax  in  the  modification  of  the  distribu¬ 
tion. 
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(1)  Check  point,  checking  dimension  and  checking  method  at 
Sub-assembly  and  Assembly  based  on  he  fabrication  se¬ 
quence  of  a"  unit . 

(2)  The  same  information  at  Erection. 

(3)  How  to  do  shipwrighting  based  on  the  erection  sequencs. 

(4)  Vital  points  at  fabrication  phase  (Marking,  Gas  Cutting, 
and  Sub-Assembly)  and  Base  Lines  to  be  involved  in  the 
output  from  Mold  Lofting. 
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ACCURACY  CONTROL 


CHECK  POINT.  CHECKING  DIMENSION.  CHECKING  METEOD 
BASED  ON  FABRICATION  SEQUENCE  FOR 
FUTURE-32  BULKERS 


This  paper  is  to  display  a  concrete  method  to  proceed  the  activities 
of  Accuracy  Control  for  the  Future-32  Bulkers.  in  this  paper,  the 
foilwing  information  is  involved. 

(1)  Check  point,  checking  dimension  and  checking 
method  at  Sub-Asssmbly  and  Assembly  based  on 
the  fabrication  sequence  of  a  unit. 

(2)  The  same  information  as  (I)  at  erection. 

(3)  How  to  do  shipwirghting  bsed  on  the 
erection  sequence. 

(4)  Vital  points  as  fabrication  phase  (Marking,  Gas 
Cutting  and  Sub-Assembly)  and  Base  Lines  to  be 
involved  in  the  output  from  Mold  Lofting. 

This  kind  of  paper  is  designed  by  Accuracy  Control  Engineers  in 
IHI  not  only  for  Future-32  Bulkers  but  alos  any  kind  of  ship. 
This  activtty  of  Accuracy  Control  through  this  procedure  is  called 
"special  control"  which  means  "specially  designed  procedure  for 
the  Future-32  Bulkers" .  "Special  Control"  is  contrasted  with  the 
"Regular  Control  which  is  proceeded  by  ordinary  allowable-  toler¬ 
ance  control  and  from  which  "Special  Control"  is  derived. 


2)  Actual  activities 

In  order  to  get  clearer  pictures  in  order  to 
understand  the  practical  method  of  the  accuraccy  control 
activities,  the  nominated  experts  group  of  NASSCO  performed 
the  A/C  process  under  the  conduct  of  the  IHI  engineers. 
Following  activities  were  actually  performed: 

*  Design  unit  assesbling  method 

*  Design  data  sheet  for  measurment 

*  Analysis  of  measured  data 

We  are  convinced  that  NASSCO  can  apply  to  the  other 

actual  units  in  the  sane  Banner  by  th easel ves. 

With  rspsect  to  the  above,  aore  detailed  description 
is  presented  in  the  following  chapters, 

3)  Connetion  with  Line  Heating  Technology 

Line  heating  technology  was  also  transfered  to  NASSCO 
by  another  IHI  team.  It  should  be  reminded  that  the 
technology  is  an  effective  and  powerful  one  to  support  A/C 
activities  in  the  process  Of  hull  construction. 

It  has  two  main  aspects  of  functions  in  it.  The  primary 
one  is,  of  course,  to  bend  precisely  and  economically  curved 
plates  of  not  only  simple  curvature  but  also  tight-coaplered 
curvature.  The  secondary  one  is  to  straighten  the  deformation 
caused  in  the  process  of  hull  construction.  The  important 
to  straighten  the  deformation  m  the  earlier  chase 
as  possible  without  leaving  it  to  the  succeeding  phases. 


With  respect  to  bending  curved  plates  by  line  heating 
technology,  more  suitable  templates  must  be  prepared  by 
adding  the  required  data  to  the  present  templates  in  the 
Mold  Loft . 

From  the  view  point  as  desrived  in  the  above,  it  is 
recommended  that  application  of  line  heating  technology 
and  preparatory  works  for  it  are  integrated  in  the  total 
A/C  activities . 
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1.  Design  Unit  Assembling  Method 

Unit  assembly  method  should  be  studied  before  the  start  of 
assembly.  In  addition,  the  study  of  facilities  where  the  unit 
is  built  should  also  be  involved  since  the  assembly  method  depends 
on  the  facilities. 

The  following  should  be  clearly  described  in  the  unit  assembly 
method : 

1)  Assembly  sequence 

2)  Welding  sequence 

3)  Vital  dimensions 


In  studying  the  critical  itmes  described  above,  the  following 
points  should  bee  considered: 

1.)  Platen  for  assembly: 

When  a  platen  and  jigs  are  set  up,  the  shape  and  size  of  a 
unit  should.  b«-  considered  as  follows: 

-  Flat/ curved 

-  size  of  unit 
-weight 

-  Assembling  status  of  the  webs  such  as  the  height,  weight 
and  loading  direction. 

-  Condition  of  the  internal  members. 

2)  Landing  sequence  of  pieces  to  be  assembled:  An  appropriate 

method  to  set  preventive  supports,  suck  as  strong  backs,  should 


be  studied. 


3)  Welding  scheme:  -  The  most  important  consideration  here  is  to 
select  carefulLy  the  proper  welding  method  and  sequence  in 
order  to  mimimize  deformation. 

4)  Assembling  sequence:  -  Through  the  study  of  the  assembling 
sequence,  vital  points  and  vital  dimensions  are  noted.  Any 
discrepancies  betweem  drawing  implied  sequence  and  assembling 
sequece  is  checked  beforehand  . 

5)  Guarantee  of  welding  quality  and  maintenance'  of  vital 
dimensions . 

unit  assembly  method  should  be  designed  with  these  conside¬ 


rations  in  mind, 
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2.  Design  Data  Sheet 

The  numoer  of  dimensions  to  be  checked  varies  depending  on 
the  capability  of  the  shipyard.  It  is  recommended  that  HASSCO 
check  as  many  dimensions  as  possible  until  they  determine  their 
particular  required  accuracy. 


3.  Analysis 


Analysis  of  the  measured  data  is  not  only  for  recognition  of 
the  present  accuracy  but  also  for  finding  problems  and  solving  thosi 
by  comparing  measured  data  with  the  standard  allowable  tolerance  of 
NAssco. 

The  important  point  is  that  all  related  personnel  should 
communicate  openly  with  each  other  without  h-j  d-ing  the  fact a  and 
without  unfair  blaming. 

Since  NASSCO  has  not  yet  established  a  clearly  defined  standan 
the  following  recommendations  are  lmited  to  problems  actually  found 

by  IEI  and  to  areas  where  potential  problems  could  arise. 


Exercise  1  (Flat  unit) 


Tbe  following  is  a  procedure  on  the  A/C  activities  on  a  main 

deck  unit. 

1)  Design  unit  assembling  method.  Refer  to  Appendix  1  (AP  1-1) 

2)  Design  data  sheet.  Refer  to  Appendix  1  (AP  1  -  2  to  AP  1-15) 

3)  Analysis  .  Refer  to  Appendix  1  (AP  1-16  to  AP  1-18) 

4)  Noted  problems: 

a)  Platen  for  assembly  is  not  level. 

During  the  time  of  discussion  with  the  members  of 
Team  jS2  (experts  group),  che  platen  was  said  "to  be  flat" 
by  all  of  them.  However,  in  fact,  it  was  found  not  to  be 
flat  when  measured,  1H1  recommends  checking  all  platens 
and  adjusting. 


b)  Additional  work  was  required  for  inaccurrately  fabricated 
girders  in  relation  to  longitadiaal  positioning. 

As  drawn  below,  girdes  slots  had  to  be  gas  cut  during 
assembly  because  they  were  not  aligned  with  the  actual 
longitudinal  placement.  The  NC  tape  produced  by  mold  loft 
was  found  to  be  correct  when  checked  against  the  drawing. 
Judging  from  this,  the  errors  appear  to  have  been  caused 
by  the  NC  burning  machine.  Therefore,  the  NC  burning 
machine  should  be  carefully  and  regularly  checked. 

According  to  the  machine  operator,  mechanisms  such  as  the 
driving  motors  are  a  problem. 


Since  the  NC  burning  machine  is  one  of  the  most  vital 
Pieces  of  equipment  at  NASSCO,  it  is  strongly  recommended 
that  repair  and  recalibration  be  done  as  soon  as  possible. 


c)  Misalignment  of  the  flange  girders:  as  drawn  below,  the 
flange  girders  were  misaligned  at  assesbly,  so  that  the 
bent  part  of  a  2 '  (two  foot)  length  was  gas  cut  at 
assembly.  This  misalignment  is  considered  to  have  been 
caused  by  a  bending  error.  Therefore,  it  is  recommended 
that  bending  methods  for  flanges  be  reviewed  and  revised. 
Since  a  flange  girder  is  very  popular  in  NASSCO  design, 
the  accuracy  of  a  flange  girder  (at  fabrication)  is  vital. 

d)  Length  of  the  pieces  are  inaccurate:  As  described  in 

"analysis"  of  this  chapter,  control  of  length  accuracy 
is  lacking.  It  follows  that  the  work  load  incurred  by 
this  error  multiplies  with  each  subsequent  production 
process,  because  accuracy  of  length  is  the  primary 
element  of  accuracy  control.  Therefore,  it  is  necessary 
to  attack  the  source  of  the  errors . 


It  is  recommended  by  IHI  to  check  the  burning  process 
not  only  NC  burning,  but  also  hand  cutting. 


Exercise  2  (curved  shell  unit  ) 


Following  is  a  procedure  on  the  AC  activities  on  a  curved 

shell  unit. 

a)  Design  unit  assembling  method.  Refer  to  Appendix  2  (AP-2-1  to 

AP-2-2) 

b)  Design  data  sheet.  Refer  to  Appendix  2  (AP-2-3  to  AP-2-14) 

c)  Analysis . 

d)  Noted  problems: 

1)  Pin/jigs  are  poor: 

As  described  in  our  first  survey  report,  the  condition 
of  Pin/ jigs  is  poor.  It  should  be  improved  as  soon  as 
possibie.  The  platen  leveling  is  also  poor,  and  it  is 
strongly  recommended  this  be  corrected. 

2)  Calculating  method  for  the  jig-height: 

There  exists  no  standard  to  determine  the  necessity 
of  jigs  for  any  given  init  curvature.  in  addition,  there 
is  no  standard  to  establish  the  datum  plane  for  jig  height 
calculation  and  as  a  result,  selection  of  jig  height  is 
left  to  the  judgment  of  the  loftmen.  in  reatity,  it  is 
reasonable  and  more  efficient  to -establish  the  datum 
plane  following  the  assembling  sequence. 
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3)  Seferenee  line: 

The  necessity  and  purpose  of  the  reference  line  is 
not  clearly  understood  by  NAS3CQ.  On  an  ordinary  hull 
frame,  these  are  many  WL  (water  line)  marks. 

However,  the  hull  fitter  does  not  use  any  of  these  lines 
but  refers  instead  to  the  main  deck  line.  His  judgment 
is  correct  in  making  this  choice  and  it  is  considered 
that  marking  the  *L  is  a  waste  of  tiae  and  promotes 
confusion.  The  same  thing  can  be  said  in  3L  (buttock 
line) . 

It  is  recommended  to  minimise  the  number  of  reference 

lines' . 


C 
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4)  Discrepancy  of  the  frame  line  marked  on  the  plate: 

As  drawn  below,  a  frane  line  was  found  to  be  in 
dicrepency  by  7/16"  -  The  frame  line  was  very  near 
the  block  butt  which  was  neat  cut. 

It  is  considered  that  this  was  caused  by  the  error 
of  the  NC  burning. 
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Epilog 

Through  our  activities  with  the  experts  group  of  NASSCo, 
NASSCO  prepared  the  primary  plan  of  how  to  proceed  and  how  to 
implement  the  accuracy  control  at  NASSCO  as  shown  in  the  next 
two  (2)  pages. 


IHI  hopes  that  that  NASSCO  establishes  its  own  accuracy  control 
procedure  along  our  recommendations. 

We  appreciate  your  kind  cooperation  especially  the  cooper¬ 
ation  and  help  given  by  Team  #2 . 


ACwJRACf  CON i riCL  .  (Prepared  by  JJASSCC) 


The  Steering  Committee  consisting  of  J.  Smith,  A.  Giorgis,  K.  Evans, 

C.  Jensen,  J.  Lightbcdy,  and  K.K.  Christensen  recommends  that  Accuracy 
Control  be  implemented  at  NASSCO. 

The  degree  of  implementation  is  recommended  as  follows: 

1.  Short  Term 

2.  Intermediate  Term 

3.  Long  Range  Plan 

Short  Term  is  considered  to  include  those  areas  where  A/C  can  be  ins  tin. 
with  minimal  or  no  cost  and  can  be  started  almost  immediately. 

The  following  are  felt  to  be  examples  of  Short  Term  items  which  can  be 
started  and  completed  in  about  a  3-6  months'  timeframe : 


o  Documentation  of  Burning  Machine  Accuracy, 
o  Production  of  more  check  tapes  by  computer. 

o  Provide  more  dimensional  information  to  Yard  Operations  for  checking 
purposes,  welding  allowable  tolerances, 
o  Provide  formalised  methods  for  Yard  Operations  to  feed  back  A/C 
problems . 

o  Commence  development  of  Standard  Repairs  documentation. 
o  Commence  development  of  plans  for  education  in  A/C  Procedures . 
o  Provide  for  inspection  of  steel  plate  upon  receipt  in  yard  for  flames 
freedom  from  laminations,  etc. 
o  Define  NASSCO' s  capability  to  maintain  Accuracy  Control: 

a.  Under  current  facility  constraints. 

b. ‘  With  upgraded  facilities/cost. 

o  Continue  training  in  line  heating  without  an  automated  facility, 
o  Develop  interim  Working  Practice/Procedures/Standard  formats /Date 
analysis  techniques,  etc. 


Intermediate  Term  is  considered  to  include  those  areas  where  accuracy 
can  be  increasec  at  some  nominal  cost  and  within  some  reasonable  time,  e.g., 
12  months.  The  following  are  felt  to  be  examples  of  Intermediate  Term  items: 

o  Upgrade  of  Platen  (i.e. ,  level  platen  area) 
o  Upgrade  of  burning  equipment, 
o  Upgrade  of  Pin/ Jig  platen. 

o  Development  and  publication  of  NASSCO  A/C  Standards,  Including: 


a.  Excess  allowances  including  shrinkage.. 

b.  Fabrication,  Production  and  Working  Practices  for  all  Departments. 

c.  A/C  Tolerances 
a.  "Repair"  Manual 


o  Publication  of  "pocket  sited”  manual  to  be  distributed  to 
o  Implementation  cf  Education  Program  in  Yard  Operations . 
o  Development  of  an  Automated  Line  Heating  Facility, 
o  Development  cf  Management  Reports . 
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A  Lons  Panse  Plan  is  considered  to  be  activities  beyond  a  one  year  time 
frame"!  The  following  are  considered  to  be  examples: 

o  An  analysis  (overview)  ox  the  first  year  of  operations  with  recommenda¬ 
tions  for  the  future.. 

o  A  revision  to  the  A/C  Standards ,  tolerances  and  Working  Practices 
should  be  anorcved,  published  and  distributed. 

o  The  Accuracy*  Control*  Standards  book  should  be  submitted  to  the  Regu¬ 
latory  Agencies  for  approval. 

o  Upon  approval,  these  Standards  should,  by  reference,  become  a  part 
of  Ship*  Specifications  and  Contract  Terms  and  Conditions  . 

o  A  capital  expenditure  plan -for  upgrading  of  facilities  sncuid  reflect, 
in  tart,  those  deemed  necessary  to  support  Accuracy  Control. 


MEANS  0?  IMPLE^EnTATICN 

o  The  implementation  of  A/C  would  be  through  an  organisation  .which  would 
be  a  part  of  Yard  Operations . 

o  This  organisation  should  be  formed  immediately,  headed  by  the  eventual 
Chief  of  Accuracy  Control. 

o  TM*  Chief  would  coordinate  the  efforts  cf  the  A/C  Committee  (Team  *2) 
to  remedy  the  defects  of  the  Short  Term  Plan.  As  the  organisation 
evolves,  it  would  take  over  the  functions  cf  Accuracy ^Control. 

o  The  Steering  Committee  would  be  appraised  regularly  of  progress  and 
direction  and  would  remain  in  an  ’advisory  capacity  to  the  A/C  Group. 


COST  OF  IMPLEMENTATION 

The  immediate  needs  are  for  four  technicians  and  a  Manager  or  Chief, 
transferred  from  other  duties  within  MASSCQ .  Office  space,  telephone  and 
access  to  reprcducticn/printing  capabilities  are  required.  Estimates.  Short 
Term  Costs  are: 


Leader  (Supt  level] 

Four  (4)  Technicians  (34  level] 
Clerk  typist 
Office  Furnishings 


Overhead  (106%]  of  Labor 
TOTAL 


S  30,000 
$  72,300 
$  S,S00 
S  2,000 
5113,600 
US, 300 
5231,900 


Offset  -  The  cost  referred  to  above,  translated  into  manhours  at  S20/hcur, 

The  approximate  cost  cf  $232,000  would  appear  to 

For  example,  the  manhour 
±e  100  series  is  372,000. 


is  equal  to  U,60Q  hours, 
be  easily  offset  by  the  savings  cf  12,000  hours.  For 
jstimate  for  the  Carlsbad  Class  for  cost  numbers  in  th 


The  three  (3]  shins,  the  estimate  is  1,U6,000  manhours,  mus,  tne  equivalent 
cost  is  1.03%  of  the  total  fabrication,  subassembly,  erection  and  fitting  cost: 
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Data  Analysis 
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First,  the  measured  data  is  rewritten  into  the  table  for  data 
analysis  which  is  convenient  to  calculate.  (See  Table  l).  As  seen  in 
the  table,  there  are  four  errors  outside  the  effective  range.  These 
should  be  eliminated  since  they  are  mistakes  and  not  a  problem  of 
accuracy. 

For  this  measurement,  +  2/16"  is  considered  to  be  the  appropriate 
range  of  the  errors  in  the  coordinate  system  of  ’’error  frequency1’* 

Then  the  mean  value  of  errors  is  calculated' and  by  using  that  the 
standard  deviation  value  is  easily  calculated.  The  relationship  among 
this  distribution  of  errors,  the  mean  value  of  the  errors  and  the  standard 
deviation  value  is  shown  in  Figure  1.  This  figure  shows  the  fallowing: 

1)  The  mean  value  of  errors  is  1.2/15". 

2)  The  value  of  the  standard  deviation  is  3 *3/16".  Thi.^  aeans 
that  about  2/3  of  all  the  data  is  within  h-  3.3/16"  from  the 
mean  value  (-1.2/16"). 

3)  The  practical  meaning  of  the  standard  deviation: 


1  nC  e 

’■hen  the  standard  deviation  is  within  the  allowable  tolerances,  the 
accuracy  is  good  enough  or  the  allowable  tolerance  is  too  loose  (See  (a)), 
'■hen  the  standard  deviation  is  out  of  the  allowable  tolerance  region,  the 
requested  accuracy  is  not  satisfied  or  the  allowable  tolerance  exceeds  the 
capability  of  the  shop. 

Thus  the  allowable  tolerance  should  be  decided  taking  into  account  both 
the  requested  accuracy  and  the  capability  of  the  shop.  ' 
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CHAPTER  I  -  CONCEPT  OF  PALLETIZATION 

1.  Overview  of  Palletization 

Until  approximately  20  years  ago.,  machinery,  -piping,  ducts,  elec¬ 
trical  wires,  handrails,  ladders,  manholes,  furniture,  and  other 
items  referred  to  as  outfitting  materials,  would  be  installed  on¬ 
board  while  a  ship  was  in  berth  or  at  pier.  The  installation  work 
was  usually  planned  to  be  carried  out  system-by-system,  and  was 
started  after  hull  construction  was  completed. 

Ballast  piping  and  firemain  piping  running  through  one  compartment 
were  scheduled  separately.  Two  different  groups  of  workers  were 
engaged  in  those  installations.  The  number  of  activities  to  be 
controlled  for  a  ship  was  tremendous  and  its  network  was  too 
complicated  for  satisfactory  interface  between  the  systems . 

When  the  ballast  piping  system  had  a  special  connection  with  the 
firemain  piping  system,  ballast  piping  workers  whose  work  progressed 
more  quickly  than  others,  had  to  wait  until  the  firemain  piping 
installation  progressed  enough  to  allow  connection. 

as  the  piping  installations  progressed  system-by-system,  the  work 
area  was  scattered  over  the  ship.  While  a  group  of  workers  was 
mounting  a  firemain  valve  on  the  foc’sle  deck,  others  were  install¬ 
ing  steam  piping  on  the  upper  deck,  bilge  piping  in  the  hold  and 
ballast  piping  in  the  double  bottom  tank. 
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A  group  who  was  going  to  install  a  bilge  suction  manifold  might 
have  to  hold  up  work  in  order  to  escape  from  a  shower  of  melted 
metal  which  was  ejected  by  another  group  who  were  cutting  pipe 
supports,  located  just  over  the  bilge  manifold.  Such  problems 
made  2  pipefitting  foreman  unable  to  keep  track  of  the  current 
status  of  his  johs. 

When-work  was  to  be  started,  a  worker  who  was  in  charge  of  material 
handling  referred  to  the  drawing  and  went  to  the  warehouse  to 
receive  the  necessary  materials.  However,  many,  times  a  valve  was 
not  provided  in  time  because  of  a  stock  shortage.  The  pipefitter 
then  had  to  fabricate  a  temporary  spool  piece  to  use  in  place  of 
that  valve.  When  he  received  the  valve,  he  had  to,  return  to  the 
place  where  the  spool  piece  was  temporarily  mounted,  to  replace  it 
with  the  valve.  This  forced  him  to  spend  additional  manhours  in 
transferrig  tools  with  heavy  hoses  from  one  area  to  another. 

Every  piece  of  pipe  was  brought  into  a  compartent  through  many 
narrow  doors  and  up  and  down  steep  ladders,  and  to  the  place  where 
it  was  to  be  installed. 

Sometimes  piping  had  to  be  installed  overhead  in  the  Engine  Room, 
where  the  installation  was  dangerous,  but  scaffolding  was  costly. 
Such  an  environment  would  hamper  workers'  skills  and  productivity 

Today,  methods  of  outfitting  have  changed  notably-  Most  outfitting 
work  is  started  and  completed  zone-by-zone.  When  looking  at  the 
complexity  of  outfitting  jobs  controlled  system-by-system,  an 
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outfitting  planner  thought  that  if  he  could  divide  his  jobs  by 
zone  and  complete  them  independently,  job  planning  could  become 
much  easier. 

For  example,  if  he  had  bilge,  ballast:  firemain,  fuel  oil,  lubricat¬ 
ing  oil,  feed  water,  low-pressure  steam,  high-pressure  steam  and 
pneumatic  air  piping  running  along  the  access  passage,  he  had  to 
take  into  account  at  least  10  elements  when  scheduling  work  system- 
by-system.  ' 

However,  if  they  can  be  divided  into  2  zones  and  completed  indepen¬ 
dently,  the  number  of  activities  can  be  reduced  from  10  to  2. 

(See  Fig.  1-1.) 

To  begin  with,  he  drew  several  lines  on  the  upper  deck  (for  example, 
one  centerline  and  several  transverse  bulkheads) ,  creating  areas 
within  those"  lines.  He  called  these  areas  "work  zones."  He  grouped 
all  materials  which  were  to  be  installed  in  one  "work  zone"  in  the 
following  manner : 

Group  A  (material  for  pipefitters) 

3  straight  pipes,  1  bent  pipe  with  branch,  1  stop  valve  and 
1  penetration  piece  for  ballast  piping,  2  straight  pipes,  1 
straight  pipe  with  branch,  4  fire  hose  valves  and  their  mani- 
holds  for  firemain  piping,  4  pipe  supports  commonly  used  for 
ballast  and  firemain  pipes,  bolts  and  nuts  for  pipe  support, 
bolts,  nuts  and  packing  for  pipe  joint. 
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Group  B  (material  for  outfitters) 

2  manholes,  2  length  of  handrails,  1  bollard,  1  grating  in¬ 
stalled  over  pipes.' 

Looking  at  these  material  groups,  he  considered  that  durations  (or 
manhours)  for  installation  of  those  grouped  materials  had  to  be 
suitable  for  control  and  that  the  number  of  activities  bad  to  be 
neither  too  many  nor  too  few.  He  thought  that  appropriate  unit 
activity  would  be  one  week  in  duration  on  the  average  and  that  it 
would  correspond  to  approximately  30-40  pieces  of  pipes  in-  the 
case  of  pipefitting. 

Also  he  considered  that  if  1  penetration  piece  of  Group  A  and  2 
manholes  of  Group  B  could  be  installed  during  the  assembly  stage 
of  hull  structure,  he  could  save  Additional,  compared  with  having 
to  install  all  materials  onboard.  In  that  way,  workers  could  be 
in  fresh  open  air,  safe  conditions,  favorable  access  conditions, 
tool  availability,  and  so  on.  He  then  decided  that  those  were  to 
be  another  group,  and  named  it  A2 .  Finally,  he  settled  his  groups 
into  Groups  Al,  A2,  B1  and  B2  for  the  particular  "work  zone." 

He  also  thought  that  if  it  were  possible  that  the  installation  jobs 
for  Groups  Al . ,  A2,  B1  and  B2  were  individually  accomplished  by  one 
worker  group  of  a  single  trade  and  at  one  time.  If  all  of  his 
ideas  were  possible,it  would  give  him  a  means  of  job  control.  He 
then  called  each  single  unit  of  installation  jobs  an  "Activity." 
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Today,  he  schedules  all  of  his  outfitting  jobs  by  "Activity"  such 
as  Activity  Al,  A2,  B1  and  B2 .  As  he  has-studied.  Activities  A1 
and  B1  will  be  scheduled  for  the  onboard  stage  and  Activities .A2 
and  B2  for  the  assembly  stage  of  hull  structure.  Of  course,  he  is 
aware  that  he  needs  a  new  activity  which  has  no  materials  belonging 
to  it,  such  as  adjusting  gauges,  hydraulic  testing,  operations,  etc. 

Now,  all  materials  of  Group  A  are  packed  in  steel  containers  and 
lined  up  at  the  front  of  the  warehouse  when  the  Group  A  scheduled 
issue  date  arrives.  The  warehouseman  calls  them  "pallets."  The 
pallet  has  a  small  pocket  where  a  material  list  is  attached.  From 
the  material  list,  not  only  the  warehouseman,  but  also  the  pipefit¬ 
ter  and  enyone  else  who  wants  to  know  can  understand  the  following: 

What  materials  should  be  contained  in  this  pallet  What  materials 
are  actually  contained?  What  material  are  missing  because  of 
delayed  shipment?  Where  are  the  materials  in  this  pallet  to  be 
usedd  for?  Where  is  this  pallet  to  be  delivered?  When  is  this 

pallet  to  be  delivered?  What  stage  does  this  pallet  go  to?  What 

trade  is  in  charge  of  this  pallet?  ' 

When  a  foreman  is  to  start  an  activity,  all  he  has  to  do  is  to 
tell  the  warehouseman  the  pallet  number  corresponding  co  the  . 
activity.  (Number  of  activity  and  pallet  are  the  same.)  The 

warehouseman  then  sends  the  pallet  to  its-  own  destination. 

When  pipefitters  go  to  the  ship  (work  zone)  _as_  their  foreman  indi¬ 
cates  they  will  find  all  of  the  necessary  materials  (pipes,  valves, 
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bolts,  nuts  "and  gaskets);  delivered  to  the  work  area.  All  they 

have  to  do  is  to  install  materials  within  a  limited  area  as  in¬ 
dicated  in  the  drawing.  Connections  between  different  piping 

systems  must  be  completed  as  soon  as  all  work  in  one  work  zone  is 
completed. 

Now  activities  are  scheduled  in  a  workable  order.  Work  is  com¬ 
pleted  zone-by~zone  and  is  not  stretched  widely.  Consequently, 
the  foreman  can  easily  see  his  job  situation.  This  gives  him  a 
flexible  operation. 

> . 

He  has  now  established  from  experience  the  advantages  for  getting 
more  profit  on  his  job  by  palletizing. in  process,  .such  as: 

-.One. pallet  has-  to  : include  all-materials  necessary  to  complete 
one  unit  of  work.  One  unit  of  work  means  one  activity  in  his 
network. or  one  arrow  line  in  his  schedule  chart  (one  control 
unit) 

One  pallet  has  to  include  all  materials  shown  in  one  pallet 
zone  on  the  composite  drawing.  But  materials  in  one  pallet 
may  be  divided  into  some  partitions  for  each  working  stage,  if 
necessary.  "All  materials"  means  not  only  major  materials  but 
also  minor  matetials  as  pipe  supports,  bolts,  nuts,  gaskets, 
etc  . 

Technical  information  for  improvement  on  the  job  has  to  be  fed 
back  to  the  designer  as  precisely  and  quickly  as  possible  so 
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as  to  be  reflected  on  the  piping  design  at  once.  One  of  the 
important  features  included  in  technical  documentation  is 
installation  practices,  such  as  installation  sequence,  location 
of  loose  pipe,  loose  flanges,  parts  to  be  preassembled,  produc¬ 
tion  stages  at  which  materials  are  installed,  etc. 

6  Area  or  subdivision  of  pallet  zone  must  be  suitable  supervised. 

He  then  asks  the  question,  What  groups  and/or  workers  could  best 
utilize  palletization?"  His  reasoning  is  based  on  the  following: 

When  the  system-by-system  process  was  used,  he  thought  that  every 
particular  system  required  its  own  special  technique  or  skill. 

But  when  pieces  of  pipe  in  one  pallet  are  complete  set  for  pip¬ 
ing  system  in  a  certain  area  consisting  of  completed  parts  (spool 
piece),  all  built  with  particular  features  required  by  a  particular 
system,  then  special  techniques  skills  will  not  be  required: 

For  example,  if  high-pressure  steam  piping  is  delivered  with 
special  copper  gaskets,  special  strong  bolt-nuts,  special  spring 
hangers,  etc.,  and  each  of  them  is  identified  as  to  location  by 
referring  to  a  drawing,  and  that  drawing  indicates  all  necessary 
information  for  installation  such  as  distances  between  the  pieces 
and  frame  lines,  height  from  deck,  whether  the  piece  has  to  be 
installed  permanently  or  temporarily,  whether  a  flange  of  the 
piece  has  to  be  "loose"  or  not,  etc.,  then  the  piping  installation 
no  longer  requires  particular  techniques  and  skills. 
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Instead,  if  a  production-oriented  zone-by-zone  drawing  is  utilized, 
the  installation  becomes  simple,  such  as  only  putting  the  pipe 
piece  on  a  line  as  indicated  in  a  drawing,  tightening  flanges  after 
inserting  gaskets  which  are  delivered  with  the  pipe  piece,  welding 
hangers,  and  so  on.  He  reaches  the  same  conclusion  in  regard  to 
all  other  outfitting"  materials. 

This  reasoning  suggests  a  possibility  of  improving  the  efficiency 
of  workers'  trade  in  that  only  one  group  of  workers  (in  special 
cases,  only  one  worker)  can  accomplish  a  single  activity. 

He  can  now  plan  an  education  program  for  multi-trade  workers,  the 
workers  who  are  capable  of  installing  piping,  gratings,  manholes," 
bollards,  machinery,  etc.  He  concludes  that  this  is  a  way  of 
attaining  higher  productivity  from  the  viewpoint  of  schedule 
control  and  of  providtin  greater  satisfaction  for  the  workers. 

Figs.  1-2  and  1-3  illustrate  general  view  co  emphasize  the  differ¬ 
ence  between  outfitting  by  system  and  by  zone.  The  former  has  a 
trend  that  materials  are  loaded  and  installed  piece  by  piece  - 
inefficiently  ,  while  materials  of  the-latter  are  loaded  and  installed 
in  group  -  efficiently.  The  difference  in  efficiency  is  mainly 
brought  from  careful  planning  by  means  of  zone. 

Fig.  1-4  shows  machinery  and  pipes  installed  by  zone  on  the  block 
before  block  loading  to  the  due  position  in  the  building  dock. 

Fig.  1-5  shows  ducts,  pipes  and  other  fittings  right  below  a  ceiling 
of  an  accommodation  space  which  are  being  installed  by  zone  on  the 
turned  over  block  before  erection. 
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2.  Concept  of  Palletization 

2.1  Introduction 

When  we  consider  the  efficiency  of  outfitting,  it  may  be 
necessary  to  return  to  the  substantial  nature  of  shipbuilding; 
the  main  activity  is.  "Assembly,"  dealing  with  and  fitting 
various  kinds  of  materials. 

Such  a  variety  of  materials  means  depending  generally  on  the 
labor-force  to  perform  installation  or  fitting  in  a  large 
physical  area  and  by  prolonging  the  working  period.  That 
also  means  working-with  many  kinds  of  jobs,  at  the  same  area, 
in  some  orderly  manner."  The  weights  of  all  materials  range 
from  the  heaviest  ,  which  is  lifted  by  machinery,  to  the 
lightest,  which  is  carried  by  hand.  These  methods  may  produce 
idle  time.  This  is  the  essential  point  to  be  taken  into 
account  when  considering  the  efficiency  of  outfitting. 

In  summary,  every  material  of  some  50,000  items  in  a  ship 
goes  through  several  fabrication  processes:  as  to  raw  mate¬ 
rial,  from  the  purchased  time  until  manufactured  and  fitted 
onboard;  as  to  finished  product,  from  the  purchased  time 
until  fitted  and  tested.  Until  a  ship  is  completed,  we  can 
assume  that  there  are  some  500,  000  processes.  Only  one  hour 
of  idle  time  on  one  process  means  some  500,000  hours  of  idle 


time  in  all. 
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This  idea  leads  one  to  consider  whether  it  is  possible  to 
reduce  the  idle  time  by  reducing  the  number  of  processes 
when  dealing  with  many  materials  at  the  same  time.  The  idle 
time  between  processes  is  reduced  accordingly  in  amounts 

down  to  10,000  hours,  provided  some  50  processes  are  dealt  . 

.  with  as  a  process. 

The  idea  of  fundamental  demand  for  palletizing  is  described 
here  in  part. 

2.2  The  Aims  of  Palletizing 

1)  To  control  the  material  flow  starting  with  designing  or 
production  planning  to  fitting  on  the  spot  and  to  make 
it  a  unit  of  the  flow. 

2)  To  control  the  manhour  flow  in  production  and  to  make  it 

a  unit  determined  by  the  flow. 

These  two  main  aims  can  be  broken  down  as  follows: 

1)  To  be  aware  of  the  jobs  of  one  pallet  as  the  unit  of  a 
job,  and  to  make  the  job  itself  highly  qualitative  and 
highly  efficient. 

2)  To  regard  the  unit  of  a  job  as  a  process,  to  optimize  the 
process  flow  and  to  simplify  scheduling. 
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3)  To  regard  all  material  as  a  part  of  the  whole  ship  rather 

than  as  a  part  of  each  system;  in  other  words,  to  make 
it  nonfunctional  or  physical  through  the  development  of 
composite  drawings  in  design. 

4)  To  be  aware  of  the  pallet  as  a  unit  of  material  procure¬ 

ment  control  which  starts  with  the  design  department's 
specifying  the  materials,  thus  making  it  a  unit  or  a 
base,  of  drawing  issue  control. 

It  is  not  necessary  to  explain  the  above  aims  in  great  de¬ 
tail  as  they  only  refer  to  the  most  important  aspect  of  the 
design.  Even  if  palletizing  without  design  is  provided, 
it  is  essential  to  plan  for  palletizing.  what  kinds  of 
materials  are  grouped?  How  do  we  get  these  materials  in 
time  as  a  whole?  The  design  intention,  actual  drawing  and 
the  material  specification  lists  are  necessary  to  answer 
such  guestions.  The  progress  of  planning  for  palletizing 
is  based  on  the  development  of  the  design,  so  that  develop¬ 
ment  of  the  drawing,  the  drawing  issue  schedule,  and  the 
list  of  materials  are  developed  in  a  fashion  to  support  the 
palletization  concept. 

properly  speaking,  design  in  relation  to  the  drawing  and  the 
material  specifications  is  the  starting  point  of  material 
flow  Of  production.  Briefly  stated,  the  ai  m  of  palletizing  . 
is  to  make  the  flow  of  men  and  materials  in  the  factory 
systematic  from  design  through  production. 
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ADVANTAGE  OF  PALLETIZATION 


Time 


Outfitting  in  earlier  stage  * 


More  merit  can  be  expected 


1.  To  minimize  work  onboard  (low-efficiency  work)  and  to  increase 
work  in  shop  (high-efficiency  work) . 

2.  To  complete  work  zone-by-zone  in  order  to  make  control  easy. 

3.  To  avoid  trouble  with  hull  construction  and  its  work  process. 

4.  To  shorten  total  outfitting  work  period. 

5.  To  improve  efficiency  of  jumbo-sized  facilities  of  berth/dock 
and  shop . 


Fig.  1-6 
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2.3  The  Relationship  of  Palletizng,  pre-Outf itting  and  Onboard 
Outfitting 

The  aims  of  palletizing  are  to  provide - materials  for  on¬ 

board  outfitting  as  well  as  for  pre-  outfitting  (=  pre-erection 
outfitting) .  Although  the  merits  of  pre-outf itting  are 
independent  of  the  philosophy  of  palletizing,  pursuing  the 
merits  of  pre-outf itting  will  lead  to  palletitiing. 

In  pre-outf itting ,  a  certain  regional  unit  will  be  specified; 
for  example,  compartment  or  zone  of  a  ship,  some  group  of 
fittings  surrounding  a  certain  machinery,  or  some  group  of 
tubings.  In  palletizingguc-^  a  regional  unit  may  be  further 
divided  into  sub-regions  from  the  viewpoint  of  job  procedure 
and  functionally  separate  stages. 

Thus  the  unit  of  palletizing  can  be  determined  with  only  the 
intention  of  optinimizing  of  the  job  itself,  whether  it  may 
be  either  pre-outf itting  or  onboard  ourfitting.  This  impor¬ 
tant  feature  shows  that,  conversely  speaking,  planning  for 
palletizing  is  indispensable  for  both  pre-outf itting  and  on¬ 
board  outfitting. 

2.4  Grouping  if  Jobs 

As  we  discussed,  there  are  many  elemental- jobs  in  the  out¬ 
fitting  field.  Thet  join  together  to  form  a  network  which 
is  a  powerful  tool  in  outfitting  job  control.  But  the  scope 
of  the  elemental  jobs  is  too  great  to  be  controlled  well, 


and  must  be  reduced. 
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ACCURACY  CONTROL 

CHECK  POINT.  CHECKING  DIMENSION.  CHSCKTSTG  METHOD 
AT  SUB-ASSEMBLY  ASP  ASSEMBLY 
BASED  ON  THE  FABRICATION  SEQUENCE  OF  A  UNIT 


ggTP&grn  vr  ryr 


FouiJ/Xfltfiosl  L£\£L  CHStK 


?gg?-4R-m  3Y  I3T 


mr  h-lhcte  techs’oi.ogt.  z xc. 


ACCXTBACT  CONTROL 


sow  to  do  smswgraaTiNS 

BASED  ON  ESECTI'm  SSOXimCE 


BBBBAB3?  3?  151 


i/teJLMHrs  m  smnmmit  Ar  tuectioH 
(IImw  :m«  .-!!  wnri:cff  .It  rimf  mmZL 

•ynovIlRii.  hr  v  Htrk) 


mt«cJ.lno 


t  i.if.r/ 


_/• . £_ . .  ■  ■ 

Una  of  Hopper  for  checking  width 


\  (  [ . ^ 


VI 


- / - /A\V:t:;v-  •/—•.-'■ 

I  \v/  ■  7  7  /  / 

9  VL_/ — / 


fclmckl  ng  Mdjtengt]! 


.?I*W — t » i 

\-/~«:-/av.VT _ vi^rrr.y  v3r- 


Centnt  Una 


/  \\  *  \l 


1 


IHI  MAEESX  TECXENOLOGl*  DTC. 


ACCURACY  CONTROL 


VITAL  POINTS  AT  FABRICATION  PHASE 
(MASKING,  GAS  COTIING,  SUB-ASSaSLY)  AND 
BASS  LINES 

TO  BS  INVOLVED  IN  T5B  OUTPUT  ISOM 
HOLD  LOFTING 
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HOLL  751  (Zone-1)  BASE  LINE  &  CHECK  LUTE  FOR  VITAL  BOULTS 


MESSER  &  ITEM 


MEANING  &  FURFOSS 

NOTES 

D  :  Dimension  Co  be  checked 

Limited "to  the 

*The  dimension  is  marked  by  NC 

case  of  the  neat 

operator  and  measured  after  cue- 

cut  before  sub- 

ting  and  sub -assembly.. 

assembly. 

F  r  Guide  lines  for  fitting  seif- 

— 

feners . 

lpTo  be  marked  by  NC  a  timing  mach— 

ine  , 

*>10  be  used  for  fitting  stiffeners 

•  *  —  ■  . 

ac  sub-assembly 

. 

Hwo  methods  to  be  useful 

. 

1)  to  be  marked  at  the  end  of 

stiffeners  (Jig  to  be  used) 

2.)  to  be  marked  ac  the  fired 

points^ 

w 

Bottom 


a-a.  sec 


*Ta  be  marked  ac  the  end  of  stif-1 
finer s .  I 


*TSia  dimension  should  be  indicac- 
ed  in  case  chat  onl7  one  stiffen 
er  is  different  from  ochers. 


BDIIt  751  (Zona- 1)  BASS  LINS  &  C2ECR  LINE  FOR  VTTVT.  POINTS 


HULL  751  (Zona-1)  BASS  LINS  &  CSECR  LINS  FOR  VITAL  POINTS 


MEMBER  &  item 


■ge  Pare 


MEANING  &  PURPOSE 


0  r  Dimension  Co  be  checked 


8'-4'r  :  Check  lines  co  be  mark¬ 
ed  by  NC  machine  for  checking 
deformation  by  heacing  through 
gas  cutting  and  welding 

_  T  :  Tangency 

Co  be  marked  by  NC  machine  for 
fitting  or  face  place 


If,\  j.4  U  *  if) 


BASS  ms  &  CSECS  LX2iS  FOR.  7IZAL  POINTS 

MEANING  St  PUSgQSS _  'TOTES 


HOLL  751  (Zone-1)  BASE  HUE  &  CHECK  LINE  FOR  VITAL  POINTS 


fii  ft  *:  IP  Ail 


NOTES 


HULL  751  (Zone-1)  BASS  LIKE  &  CEECS  LUTE  FOR  VITAL  FOOTS 


MEMBER  &  ITEM 


MEANING  &  KfRBOSE 


Sub -Assembly  (Angle) 


.  2* 


F  :  Guide  line  for  fleeing  eo  be 
marked  by  NC  machine  or  by 
hand.  ■  •  • 


Guide  line  for  place  joining: 

Is  cane  ehac  some  ends  of  place! 
are  differenc  from  oefaers,  a 
base  line,  should  be  marked  for 
~  plare"arrangemenc. . =-• . . 


SI:  Check  line  for  deforsacion 
by  heac. 


Check,  line  far  gas  cueclng 
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__iio  No. 


Unit  No. 


Shop 


Condi tioa 


Cue .  Sub 


to  .As. 


BOTTOM  CENTER  UNIT  FLOOR 


WHITER 


HEIGHT 


PIECE  NAME' 


UPPER  SIDE 
WIDTH 


LCWES.  SIDE 
WIDTH 


mr  siaioxe  te  ctdt ologx  nrc. 


nn  siabute  teceetologt.  etc. 


IHI  ZLASUTZ  TECH2TOI.OGT.  ETC. 


CanAidan 


3IAS22TE  TECHSTOLOGX  HTC. 


PIECE  HAMS 


HEIGHT' 


WIDTH 


rar  aiAiuKE  technology,  in  c. 


Shio  No. 

Unit  No.' 

— 

Shoo 

Condition 

Cut.  Sub  .As, 

Gagging •  Sarnnl  ing  nfrignlf 

mr  mahets  tecsdtoxogy,  etc. 


ACCURACY  CHECK  SHEET 


ISSBSBi 

Emm 

Shoo-  1 

Condi cion 

All  Pisces  Check 

TOP  SIDE  TASK  UNIT  TEE  mJCKLSD  PLATS 


TECH2TOX.OGT.  ETC. 


mr  ’axMtmrE  techttologx  etc. 
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Shin  No. 


ACCURACY  CHECK  SHEET 


Unit  Ho. 


Shop 


Condition 


3e£pre  combined  with  bottom  place 


Mark 

Item 

Dim's 

„  ia 

Drawings 

Allow. 

Tol. 

Actual 

Dimension 

Chg. 

Notice 

C 

? 

S 

fforkei 

AC 

3otth  side  (7.S) 

D 

Edge 

Alignment- 

F 

A 

If 

Every  Girder  Bach 

Side  (7 .A.) 

z 

. 

Girder 

Spacing 

P 

s 

IT 

Every  Erame 

7 

If 

P° «e 

apt 

If 

Bath  side  (7 .A.) 

G 

Straightness 

•  t* 

Each  girder  show 
maximum. 

E 

Level 

- 

a 

b 

c 

Id 

e 

If 

9  points  a  -  i 

f  - 

h 

A 

4 

Notice  :  After  fitting, veldins 

rm  jiahete  TscinroLOGT.  nrc. 


Shin  No. 

Unit  No. 

Shoo 

- 

_LL 


ACCURACY  CHECK  SHEET 


Condition 


Final  Unit  Asso^Ty 


Mark 

Item 

Dim's 

in 

Drawings 

Allow. 

Tol. 

Actual 

Dimension 

Chg. 

Notice 

P 

Worke: 

AC 

•  Both  side  (PSI) 

Each  Frame 

— C_ 

S 

Edge  Align- 

P 

Every  Girder  Both 
side  iF.A) 

D 

ment 

A 

It 

Girder 

Pi 

E 

Spacing 

s 

It 

Every  Frame 

F 

n 

It 

Both  Side  (Y.A.') 

. 

2  points  each  edge 

6 

Relativity 

ft 

• 

a 

b 

d  d 

el 

H 

Level 

f_ 

JL 

hk 

9  Points  Ca-i) 

Notice  After  fitting .welding 


ms  MAsnns  TECUsroioGY.  nrc. 


Nocice  After  fisting  veldiag 


2HZ  aiAEDTE  TECH2TOI.OGT.  lira 


mr  aLisncE  technology,  me. 
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IHHI 

ACCURACY  'CHECK  SHEET 

RSSEHi 

Shoo 

Condition 

Final  Unit  Assembly 

t 

/ 

Mark 

Item 

Dim's 

-  In 
Drawings 

WBS 

Actual 

Dimension 

■ 

Notice 

A 

mm 

. 

Mark  check  line  for 
shipwright 

B 

Level 

" 

After  checking  level 
fix  by  temp,  beam 

c” 

Width 

■ 

Notice  :  After  fitting,velding 

rsr  ammrs  technology,  inc. 
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ACCURACY  CONTROL 

THE  SCHEME  OF  THE  ADDED  MA'HTRTAT-S 
AHP 

THE  PHASE  FOR  FLUSHING  TIP 
FOR 

THE  FUTURE-32  BULKERS 
AT 

X5I  AIOI- SHXPY&5D 


PREPARED  BY  IHI 


RZF.  NO.  KCT039 


ACCURACY  CONTROL 


The  scheme  of  the  added  Material  and  the  Phase  for  Finishing  Up  for 

the  mmriz  bulkers  af  Ikl  AlOl-bhipyard. - 

This  paper  is  to  display  how  the  activities  of  accuracy  control  at 
IHI  AlOI-Shipyard  are  being  performed  in  the  field  of  planning  for 
the  added  material  and  finishing  up  phase. 

The  scheme  of  the  subject  is  usually  planned  by  the  A/C  Group  (Accur¬ 
acy  Control  Group  which  is  the  nucleus  for  promoting  the  A/C  activi¬ 
ties  and  is  constituted  by  eight  (8)  engineers  of  the  Hull  Construction 
Department  ).  This  is  planned  for  main  structures  the  ship's  hull 
using  preliminary  design  drawings  such  as  Midship  Section,  Shell 

Expansion,  Upper  Deck  Plan,  Inner  Bottom  Plan  and  the  other  construction  profiles. 


It  seems  to  be  very  significant  to  notice  that  the  Planning  of  the 
subject  precedes  the  begining  of  making  working  drawings,  that  is, 
this  scheme  is  a  guidance  for  making  working  drawings  to  indicate  the 
actual  fabricating  method  of  the  ship's  hull. 

This  scheme  is  designed  taking  into  account  of  the  following  funda¬ 
mental  fuactions  to  build  the  actual  ship: 

(1)  Vital  points  and  vital  dimensions  to  keep 

high  accuracy. 

(2)  Fabricating  sequence  and  fabricating  method 

for  a  unit. 

(3)  Erection  sequence  of  units 

(4)  Welding  method 

(5)  Consideration  for  shrinkage 

The  main  target  of  the  activities  of  accuracy  control  at  IHI  lies  in 
minimizing  the  work  at  erection  because  erection  work  on  board  is  un¬ 
suitable  comparing  with  the  work  at  assembly  or  work  in  shop  any 
view  point  such  as  safety,  quality  and  efficiency. 

This  idea  shall  be  easily  found  in  the  following  drawings.  Some  remark¬ 
able  characsestistics  in  it  are  as  follows: 

(1)  Finishing  up  (cutting)  at  erection  is  quite  a  few 
Only  a  few  joints  (seams  and  butts)  at  Bow  and  Stern 
are  designed  to  be  finished  up  at  erection. 
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(2)  Dimensions  of  added  material  and  phase  where  those  are 
finished  up  are  clearly  indicated. 


-Neat  cut  Without  any  added  material  at  cutting  stage. 


-Finish  cut 

with 

some 

added  material  for 

the 

margi 

shrinkage 

at 

cutting 

stage 

(marked 

in 

3)  . 

-Finish  cut 

without 

any 

added 

material 

at 

assemb 

(market 

i  n 

A)  . 

-Finish  cut 

with 

some 

added  material  for 

the 

margi: 

shrinkage  at  assembly  (marked  in  A4) . 


-Finish  cut  at  final  assembly  after  checking  unit  dimen¬ 
sions  (marked  in  30). 

-Finish  cut  on  board  after  checking  dimension  before  erec¬ 
tion  of  the  succeeding  unit  (marked  in  E  )  . 

-Finish  cut  on  board  adjusting  joint  as  the  time  of  erec¬ 
tion  of  the  succeeding  unit,  (marked  in  ) . 

(3)  Welding  Method 

Automatic  welding  method  adopted  to  the  seems  and  butts 
are  shin. 

-E.G. 

Electro  Gas  Welding 
— C  0  2 

C02  Semi-Automatic  Welding 
-FAB 

Flux  Asbestos  Backing  Welding 
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MID  3H/P  SfC  T*  OK/ 

C  LlN/T  /*J  ) 


<DC3-S>  <QC3-S>  <OC4-$>  <OCS±S>  <Oc£-.S>  (£>C7-3  >  <QcQ-S  >  ( £>C?-3> 


<J-2€/iS> 


EN  6/A/S  Ft  AT 


ALLOWABLE 

TOLERANCE 


Marking  &  Gas  Cut- 

gS£ 

(S action  ) 

(Fb)  *Check  line  for  gas  e-  *  *  1.5/64" 

cutting  of  angles  (af 
ter  marking) 

♦Check  line  for  gas  e  »  *  l/32" 
cutting  of  angles  (af 
ter  cutting) 

♦Length  of  angles  (af  e  “  i  1.5/64" 
.  ter  cutting) 

(Internal  Member)  ♦Normality  after  gas  2/1500 
cutting  (Right  Angle) 

♦Check  line  for  gas  e  *  *  l/32" 
cutting 


8  pc/day 
(piece/ day) 

5  pc/day 


5  pc/day 


5  pc/day 


♦Length  after  gas 
cutting 

♦Width  after  gas 
cutting 


*  3/64" 


«  «  *  3/64" 


Flame  olaner 


(Flat  shell  place 
flat  place) 


Beading 

(Section) 


(Plate) 


♦Length  of  frames  aftt-j 
er  bending  j  e 

♦Straightness  of  inver  e 
ted  straight  line  of 
frames  after  bending 


♦Round  gunwale  plate  &  e 
Bilge  plate 

♦Setting  degree  of  te-  e 
mplate 

♦Discrepancy  between  .  e 
template  and  end  of 
place 


5  pc/day 

2  pc/week 

2.0  deg.  |  5  pc/day 
2  pc/week 


1.5/32"  5  pc/day 

3/32"  5  pc/day 


=  *  1/8"  All 
-  ±  l/4"/2"  All 


REMAKES 


STANDARD  AND  TOLERANCE 
FOR  KEEPING  HIGH  ACCURACY 
AT  IHI  AIOI  SHIPYARD 


♦Standard  at  each  shop 

♦Standard  for  maintenance  and  check 
of  facilities  and  instruments 


Prepared  by 
IHI 


REF .  NO.  KCT040 


ARP  AND  TOLERANCE  EOR  A.C.  AT  TUT  AIOT  SHTUYARP 


-  ITEM 

SSSSSBH 

■ 

FREQUENCY 

OF  MEASUE- 
XHS 

» 

^Length  of  plates 

e  =*  ±  1/8" 
(curved) 

All 

(Width  of  plates 

e  =  *  1.5/16" 
(plane) 

All 

(^Diagonal  lenght  of 
slates 

(squareness  cheek) 

aL  «  *  1/4"  • 
(curved) 

<al  *  *  1/8" 
(plane) 

All 

parking  lines  by  hand 

«  »  *  1/8" 
(curved) 

4  traits/ 

2  days 

♦Straightness  of  plane 
edge 

e  *l/l6"/L 

207. 

♦Width  of  corrugate 

e  *  1.5/16" 

All 

Height  of  corrugate 

e  *  1/16" 

All 

1 


STANDARD  AND  T0LZ5AR 


I 

I 


; 


STAND ASD  AND  TOLESAN 


6 


I 


SHOP 


ITEM 


TOLZSANCZ 


RZMAKES 


E3SCTI0H 

Curved  Shell  Unit 


♦Positioning:  (Length  j 
■wise) 

Alignment  between*  a  ■ 
butt  at  bottom  shell 
unit  and  a  butt  at 
side  shell  unit 

*Level:  (Lengthwise) 
Check  at  die  upper 
block  end  seam 


Lll  units 


LI  units 


Check  frar 
space 


Check  the 
vel 


♦Positioning:.  (Width) 
Check  the  dimension 
from  the  ship ' s  center 
line 


♦Positioning:  (Height)  e 
Check  the  gap  of  up¬ 
per  end  seams  between 
units 

♦Connecting  parts  be¬ 
tween  units.  e 


LI  Units 


LI  units 


Plum  down 
the  base.  1; 
(center  li: 
etc.)  mark, 
on  the  heir 
(dr  by  tra: 

Check  the  : 
lationship 
the  height 
T.BHD 


LI  units 


♦Discrepancy  of  ship' j 
center 


LI  units  Measuring  1 
•  transit 


I 


.  AT  Tar  ATOT  SHIPYARD 


CT 


REM&EKS  . 


I 


Check  cfae  easy 
continuity  at  J 
front  wall  . 


Check  the  easy 
continuity  at 
side  walls’ 


Pay  attention 
to  finish  cut 
at  walls 


Pay  attention 
to  alignment 
iTidth 


♦Level:  Check  at  the 
both  end  point  of 
upper  end  a earn 

♦Perpendi eulary : 
Check  at  the  outside 
stiffener 


♦Positioning:  Align-  e  =  l/3  *  t2  All  units 
ment  of  plates  of  >T. 


±  l/4” 


e  *  *  1/4" 


All  units 


•♦Positioning:  (Width)  e-.*  l/8"  .  All  units 

Check  the  dimension 
from  the  center  line 
marked  the  bottom  sh¬ 
ell 


♦Connecting'  parts  be-  e  *=  *  l/8" 
tween  units:  Check  this 
bevels  at  seams  and 
butts 

♦Positioning:  (Height;  e  *  ±  l/4" 
Check  die  relationship  .  • 

of  upper  end  seams  be  I 
tween  units  j 


{All  units 


LI  units 


e.  — “J  {—"£-2 

n 

1  't,*** 
Check  the  be¬ 
vel 


Plum  down  'fron 
the  top  (or 
by  transit) 


Check  the  al¬ 
ignment  .at  the 
H.GIH 


STANDARD  AND  TOLERANCE  FOR  A .  C ,  AT  THI  AXOI  SEXPyARD 


TOLERANCE 


REMARKS 


ERECTION 


Upper  Deck 


★Positioning:  (Length 
wise)  Check  shift ‘di¬ 
mension  at  bntts  be¬ 
tween  tipper  deck  and 
side  shell/L.  BED 

♦Positioning :  (Width) 
Check  the  relationshi; 
with  the  ship's  cen¬ 
ter  line 

★Connecting  parts  be¬ 
tween  units: -Check 
the  bevels  at  seams 
and  bntts 


l  All  units 


±  1/8  "  All  units 


+  1/8” 


All  units 
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ERECTION 

Grand  Assembly 
With 

Stem  Frame 


±  3/8" 


+  1/8” 


^Positioning:  (Length 
wise) 

Check  the  dimension 
from  the  after  end  of 
Main  Engine  to  the  af 
ter  end  of  the  Boss 

*Positioning:  (Tran¬ 
sverse)  Check  the 
center  line  of  the 
ship  from  upper  gud¬ 
geon,  lower  gudgeon 
no  the  center  line  on 
the  berth 


*Sight  seeing  of  the  e:  * 
shaft  center:  Marking  (Transverse) 
the  center  at  the  -  1.5/16 

3  points  on  '  T.  Top  Height 

+  1.5/64” 


Shaft  length 


*?lum  down 
from  upper- 
gudgion  to  lo¬ 
wer  gudgeon 
'  Plum  down  fr¬ 
om  lower  gud¬ 
geon  to  the 
berth 

Measuring  by 
transit 


^Connecting  parts  be¬ 
tween  units: 

-Check  the  bevels  at 
's earns  and  butts 
-Fitting  to  the  radius 
part  of  the  keel  plats 


±  1/8" 


STANDARD  AND  TOLERAN 


A.  C.  AT  TEI  ATOI  SHIPYARD 


ERECTION 


Positioning:  (Length 
•wise) 

Check  the  dimension 
and  bevels  at  the  but: 

Positioning:  (Trans¬ 
verse) 

Check  the  relation¬ 
ship  with -the  ship's 
center- 


*&udder  center:  Cheek 
the  dimensions,  trans¬ 
verse,  and  lenghtwise 
with  the' upper  gud¬ 
geon 

*Budder  center:  (Hei¬ 
ght) 

Check  the  dimensions 
between  the  flat  top 
and  the  upper  gudgeon 

*Level: 

(Lengthwise) 

Check  at  the  top  on 
the  center  line 


TOLERANCE 


STANDARD  AND  TOL~RANC~  TOR  A 
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STANDARD  AND  TOLERANCE  POR  A.C.  AT  ISI  AIOI  S^rrsyAnp 


SHOP 

ITEM 

ALLOWABLE 

TOLERANCE 

frequency 
OP  MEASUR¬ 
ING 

REMARKS 

» 

♦Cheek  accuracy 

5  times/da; 

NC  Burning  Machine 

♦Accuracy  Check.:  After 
marking  a- square,  mea¬ 
suring  diagonals 

1  time/weel 

♦Check  gas  kerf  compen 
3a cion  f 

• 

♦Check  the  discrepancy 
of  positions  between 
the  marking  equipment 
and  the  cutting  torch 

♦Check  the  roughness  o: 
Che  cut  surface 


KCT041 


BASE  LINE  TO  BE  EFFECTIVE  FOR  KEEPING  HIGH  ACCURACY 
INCLUDED  IN  TEE  OUTPUT  THROUGH  ENGINEERING  AND  LOFTING 


(1)  Checking  line  for  gas  cutting. 

A  preciously  marked  parallel  line  to  a  cutting  line  is  useful  to  check  how 
precisely  gas  cutting  has  been  done.  The  distance  between  said  two  lines 
are  fixed,  2  inches  for  example,  so  precision  of  gas  cutting  can  be  easily 
checked  by  measuring  the  distance  after  cutting. 

This  line  is  particularly  useful  for  the  following  parts: 

*  Joint  part  of  the  griders 

*  Edge  line  to  curved  shell 


5 


(2)  Guide  line  for  plate  joining  at  sub-assembly 

In  case  of  joining  two  pieces  which  have  no  long  straight  surface  at  sub-assembl 
a  previously  marked  straight  line  passing  through  both  pieces 
these  pieces  on  the  correct  position. 


REF.  No.  KCT041 


(3)  Check  line  for  torsion  by  heat 

In  case  of  a  long  and"  narrow  piece  without  any  appropriate  straight  line, 
a  previously  marked  straight  line  is  useful  to  check  how  ouch  distorsion  has 
been  caused  by  heat  during  gas  cutting  and  also  useful  as  a  guide  line  to  re¬ 
form;  reforming  is  continued  untill  the  marked  line  becomes  straight. 


(4)  Guide  line  for  fitting  stiffeners  (BCT,  FS)  on  a  web. 

.In  case  that  the  end  point  of  a  stiffener  is  not  clear;  a  stiffener  stops 
at  a  longitudinal  frame  and  a  -^cutout1*  is  opened  there,  for  example;  both 
marked  lines  oh  a  web  plate  and  on  a  stiffener  itself  are  very  useful  to  fit 
a  stiffener  on  a  web  by  putting  one  line  on  another. 


(5)  Check  line  for  keeping  a  certain  dimension. 


In  case  of  the  following  drawings,  two  parallel  lines  apart  a  certain  distance 
each  other  are  useful  to  check  transformation  of  a  piece  and/or  a  unit  and 
to  reform  it.  (Marked  §). 


f/eit 


z 


.6) 


Check  line  for  shipwright 

In  case  of  the  following  drawing,  a  previously  marked  normal  line  to  upper 
deck  is  useful  to  check  shipwright  of  top  side  unit  at  assembly.  Shipwright 
is  easily  checked  by  some  methods  such  as  a  plummet. 

-  (Marked  ) 
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Summary 


This  document  was  prepared  by  IEI  as  the  addendum  for  the 
first  surrey  report  and  the  first  recommendation  which  were 
already  furnished  to  NASSCO. 


After  the  first survey  on  the  present  Accuracy  Control 
System  at  NASSCO  lasted  from  Hay  7,  1979  through  Hay  18,  1979 
NaSSCO  was  visited  again  by  two  (2)  IHI  engineers  to  clarify 
their  findings  with  some  effective  recommendations  and  to 
assist  implementing  the  advanced.  Accuracy  Control  System  at 
NASSCO.  The  implementation  was  done  from  August  6,  1979 
through  August  31,  1979  in  the  following  schedule: 

1)  The  actual  implementing  schedule 

*  August  6-8 

^21  briefly  explained  i~.i  *s  first  survey  report 
and  the  first  recommendation  to  the  manegements 
the  nominated  experts  of  NASSCO  to  confirm  that 
description  and  to  review  the  present  status  at  NASSCO. 

*  August  8  -  14  (5  days) 

Detailed  explanation  of  the  all  documents, 
prepared  by  IHI  to  the  experts  group  of  NASSCO. 

*  August  15  -  16 

Brief  explanation  of  the  said  report  and 


mendation  to  the  group  of  formen  of  NASSCO. 


recom- 


•  August  17 

IHI  conducted  to  design  the  unit  assembling  nethcd  and 
data  sheet  for  a  flat  unit  under  assembly. 

•  August  20-21 

IHI  conducted  to  gather  necessary  data  and  designed 
dimensions  to  compare  with  the  actual  dimensions.  Then 
measured  the  actual  dimensions  along  the  data  sheet. 

*  August  21-22 

IHI  conducted  to  analyse  the  measured  dimensions 
referring  to  the  ini’s  method  described  in  the  report. 

*  August  23  -  31  (7  days) 

IHI  conducted  to  apply  to  a  curved  shell  -unit 
under  assembly  in  the  same  manner  as  the  flat  unit. 

And  IHI  assisted  the  experts  group  of  NASSCO  to  prepare 
the  recommendation  to  the  top  management  on  this  subject. 

Thust  after  explanation  of  IHI's  first  survey  report  and 
the  first  recommendation,  a  typical  method  was  applied  to  a  few 
real  units  under  assembly  to  teat  the  A/C  techniques  written  in 
that  report.  This  method  along  with  further  recommendations  for 
accuracy  control  implementation  at  NASSCO  is  presented  hereafter. 
Since  there  is  not  a  written  standard  at  TiAESCC,  recommendations 
and  discussion  of  the  standard  itself  are  excluded. 


lsJukaw«[im«-H*rii»c  H«*ry  tmlettrias  Cc^Ui. 
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One  of  the  ways  in  which  this  scope  can  be  reduced  is  by 
"Grouping."  For  example,  the  installation  of  fuel  oil  piping 
in  the  Engine  Room  can  be  broken  down  as  follows: 

Marking  pipe  line 
Installing  piping 
Fastening  pipe  flanges 
Welding  pipe  supports 
Installing  valves 
Fastening  pipe  supports 

Also,  this  sequence 'can  be  described  simply  as: 

Installing  firemai’n  "piDing  . . -  - 

The  former  is  referred  to  as  "description  of  elemental  jobs" 
or  "elemental  jobs"  and  the  latter  as  "description  of  grouped 

jobs"  or  "grouped  job."  Six  elemental  jobs  become  one  group¬ 
ed  job.  -  _  - — 1~~  -  _ _  .. 

In  this  particular  case,  the  "grouping"  means  "grouping  jobs." 
On  the  other  hand,  looking  at  materials  included  in  the  ele¬ 
mental  jobs,  we  can  find  that  a  description  of  material  can 
represent  a  job  description  relating  to  that  material.  In 
this  report,  "grouping"  is  mainly  grouping  materials,  and 
"palletizing"  means  "grouping  of  materials." 

■  Note:  Sometimes  the  word  "pallet"  is  used  for  "grouped 

materials"  or  for  the  physical  container,  which  is 
usually  made  -of  steel,  and  by  which  the  grouped 
materials  are  transported. 


IikikmiStBo-Hirims  K*cry  ir«c8rtri»* 
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3.  Resources  of  Palletizing 

In  the  outfitting  production  process,  there  are  many  resources  to 
be  controlled.  They  can  be  JOB,  MATERIAL,  PERSONNEL,  TIME,  MONEY, 
etc.  Since  time  and  money  are  the  results  of  control,  we  can  omit 
them  from  our  discussion. 

Material  is  always  closely  related  to  job.  For -example,  "MATERIAL,"  . 
a  main  engine,  produces  "JOBS"  such  as  loading  onboard,  installa¬ 
tion,  fuel  oil  piping,  electric  wiring  for  automation,  operation, 
testing  and  painting. 

At  the  same  time,  "MATERIAL"  has  a  relationship  to  "PERSONNEL" 
through  "JOBS."  That  is,  "MATERIAL,"  a  main  engine *  requires  a 
number  of  riggers  for  loading  onboard,  machinists  for  installation, 
pipefitters  for  fuel  oil  piping,  electricians  for  electric  wiring 
for  automation,  and  so  on. 

In  addition  to  the  above,  "MATERIAL"  is  always  definite  and  con¬ 
crete  throughout  all  the  production  phases  —  design,  material 
procurement,  planning,  scheduling,  manufacturing,  assemblying, 
installing,  testing,  operation,  etc.  -"MATERIAL"  is  always  visible, 
therefore  everybody  can  easily  tell  if  something  is  wrong.  For 
example,  the  pine  is  not  strong  enough  for  the  test  pressure, 
shipping -of  the  fresh  water  pump  is  delayed,  installation  of  the 
condenser  has  to  be  started,  etc. 

The  above  facts  suggest  chat  if  we  can  control  the  flow  of  materi- 
.  als,  the  other  entities  can  automatically  be  controlled.  So  we 
finally  decide  that  "MATERIAL"  is  the  major  resource  of  grouping. 


Isitlkan|la*a-Kartn>«  K«ary  I»sxstri«s  Cc^iti. 
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4.  Planning  Palletizing 

4.1  Introduction 

What  will  be  the  best  method  of  palletization?  We  have  al¬ 
ready  discussed  that  material  is  the  best  among  the  possible 
resources  for  outfitting  job  control.  But  how  are  we  to 

palletize  (group) .  material  —  system-by-system,  , 

zone-by-zone, 

trade-by-trade,  stage-by-stage,  0r  a  combination  of  the  above? 

The  three  dimensional  illustration  of  the  concept  of  pallet¬ 
ization  -  conventional  and  improved  -  show  the  differences 

between  the  two  ideas  for  three  axes  of  function,  , 

zone  and 

time,  as  shown  in  Fig.  1-7. 

Note:  Function  relates  to  trade. 

Time  relates  to  stage. 

The  size  of  pallet  is  also  important  in  planning. 

o  i  z  0  mu.  s  "C 

be  determined  by  the  following  considerations,  , 

as  shown  in 

Fig.  1-8: 

1)  Large  number  of  pallets  makes  a  network  and  control  com¬ 

plex. 

2)  Large  yard  facility  allows  large  size  pallet. 

3)  Large  size  of  ship  requires  large  number  of  pallets. 

4)  A  Ship  which  has  complex  outfitting  requires  larger 

number  of  pallets.  jn  other  words,  an  LNG  tanker  re¬ 
quires  more  pallets  than  does  an  oil  tanker. 

5)  Pallet  segregation  relates  to  hull  block  segregation. 
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Average  No.  &  Size  of  Pallet/Unit  at  IHI  Kure  Shipyard 


Number 

Size 

Freedom 

250  Tanker 

i 

1  Max.  Unit  Size 

i 

Ac  com. 

450 

400 

1 

1  30  L  x  20  B  x  10  H 

i 

Dk  &  Hold 

300 

800 

1  (hull  block  size) 

i 

Machinery 

250 

400 

1  Max.  Weight 

Electricity  . 

200 

300 

!  275 'Ton 

i 

Total 

1200- 

1900 

!  (hull  block  weight) 

l 

i 

i 

i 

Fig.  1-8 
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Average  No.  &  Size  of  Pallet/Unit  at  IHI  Kure  Shipyard 


Number 

Size 

Freedom 

250  Tanker 

i 

1  Max.  Unit  Size 

i 

Ac  com. 

450 

400 

1 

1  30  L  x  20  B  x  10  H 

i 

Dk  &  Hold 

300 

800 

1  (hull  block  size) 

i 

Machinery 

250 

400 

1  Max.  Weight 

Electricity  . 

200 

300 

!  275 'Ton 

i 

Total 

1200- 

1900 

!  (hull  block  weight) 

l 

i 

i 

i 

Fig.  1-8 
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The  number  of  managing  activities  becomes  great.  They 
have  various  durations  and  create  complicated  networks . 

The  complicated  network  causes  poor  control  and  poor 
feed  back  due  to  its  great  number  o'f  objectives. 

The  system  oriented  network  causes  idle  time  due  to  the 
difficulty  of  synchronizing  work  order  releases  for 
various  activities.  (See  Note  1.) 

Installation  joos  have  a  tendency  to  be  scattered  "over 
a  ship.  .  • 

Schedule  is  dependent  on  hull  schedule. 

Note  1:  See  Chapter  1,5. 

"Efficiency  of  Outfitting  Jobs" 

4.3  Palletization  by  Zone 

If  we  can  forget  that  all  materials  belong  to  certain  systems 
and  establish  that  they  only  belong  to  some  zones  where  they 
are  to  be  installed  or  that  they  are  only  parts  composing  a 
ship  but  equally  divided  into  zones,  and  if  we  have  a  draw- 
ing  thaV che  procedures  for  installation  of  a  particular 
system,  it  is  not  necessary  to  take  special  care  for  par-” 
ticular  system  installation. 
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Fig. 


Erection  of  Outfitted  Superstructure 
(Grand  Block  of  Accommodation  with  Engine 
Looking  Forward) 


Erection  of  Outfitted  Superstructure 
(Grand  Block  of  Accomodation  with  Engine  Casing, 
Looking  Aftward) 


Casing, 


1-12 
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4.4  Grouping  by  Trade 

Materials  palletized  by  zone  can  further  be  grouped  by  trade. 

They  belong  to  various  functional  systems  which  require 
particular  knowledge  and  skill  for  installation.  But  if  the 
knowledge  and  skill  are  completely  instructed  in  drawings, 
outfitting  jobs  become  simply  installation  0f  material.  IT 
requires  a  worker  to  have  simple  abilities  such  as  reading 
drawings,  installing  materials  as  shown  in  drawings,  fasten¬ 
ing  bolts  and  nuts,  welding,  etc.  This  means  that  every 
worker  has  an  opportunity  to  perform  all  kinds  of  outfitting 
jobs.  if  this  opportunity  is  realized,  both  system  and 
activity  loss  could  be  reduced. 

Actually,  however,  we  still  need  some . specialties  for  instal¬ 
lation  of  different  system  Subdividing  materials  by  spe¬ 

cialties  is  still  providing  us  good  productivity.  Although, 
too  many  subdivisions  results  in  too  many  activities,  which 
would  cause  low  system  ef  ^iciej^^efore,  subdivi¬ 
sion  has  to  be  optimum. 

(  *  1  &ee  Chapter  I,  5  "Efficiency  of  Outfitting  Jobs". 

Possible  breaksdowns  for  palletizing  by  trade  are: 

Pipefitter 

Steelworker 

Machinist 


Carpenter 
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Electrician 

Automation  installation  group 
Operation  &  adjusting  group. 

Each  group  has  to  have  the  ability  to  perform  welding. 

Pipefitters  have  to  be  able  to  install-not  only,  pipes  but  also 
pipe  supports  and  materials  which  are  closely  related  to  piping. 

Steelworkers  have  to  be  able  to  install  ducting,  gratings, 
handrails,  cranes,  ladders,  doors,  buits,-  bollards,  racks, 
foundations  for  machinery,  etc. 

Machinists  have  to  be  able  to  install  and  adjust  machinery. 

Carpenters  have  to  be  able  to  icmd^alsieeln  arid  wood 
furniture  but  also  lines,  ceiling,  furring,  joiner  doors, 
racks,  almost  everything  relating  to  accommodations. 

Electricians  have  to  be  able  to  install  not  only  electrical 
equipment  and  wiriing  but  also  supports  for  wirizing  and  every¬ 
thing  relating  to  electricity. 

Automation  installation  groups  have  to  be  able  to  install  tub¬ 
ing,  wiring,  equipment  and  other  things  relating  to  automation. 

Operation  and  adjusting  groups  have  to  be  able  to  perforn 
everything  relating  to  the  operation  of  machinery. 

Fewer  trades  means  fewer  activities.  Fewer  activities  in  a 


network  makes  the  loss  less. 


IjJilkcwaffmo-Koriine  K*ory  Coptic. 
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4.5  Grouping  by  Stages 

Materials  in  one  zone  can  be  further  divided  into  several 
groups  which  can  be  installed  at  different  times.  Some  of 
these  can  be  installed  while  they  are  being  assembled  in  the 
shop.  Some  others  can  be  installed  after  the  ship  is  launched. 

The  former,  installation  in  shop,  provides  better  productivity 
than  the  latter  because  a  shop  provides  adequate  facilities, 
tools,  s.afety  and  convenience  in  material  handling  and  trans¬ 
portation,  protection  from  the  weather  and  ease  of  supervision. 
Even  if  pipe  pieces  have  to  be  installed  on  both  sides  of  a 
deck  structure,  both  can.be  installed  so  that  piping  is  not 
on  the  underside  of  the  deck  plate  but  on  the  upperside.  We 
can  avoid  difficulties  such  as  lifting  heavy  things  overhead 
and 'welding  in  overhead  positions.  Such  installations  can  be 
performed  each  time  the  deck  structure  is  turned  over. 

Stages  combined  with  hull  and  outfitting  can  be  divided  into 
several  steps  as  illustrated  in  Fig.  1-13. 

Manufacturing 

This  means  manufacturing  process  in  the  shop  of  pieces  which 
are  listed  in  the  "Material  List  of  Pallet."  But  since  the 
procedure  for  piece  manufacturing  is  quite  different  from 
that  for  outfitting,  it  has  to  be  controlled  independently. 
Therefore,  a  necessary  aspect  is  timing,  to  meet  both  comple¬ 
tion  of  pieces  and  starting  of  palletization. 


ixJ»ikco>a|tKa-Ksrin«  Kwirf  lMvtt;i«s 
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Unit  Assembly  (Fig.  1-4,  1-14,  1-15) 

This  means  the  assemblying  process  of  a  unit,  which  consists 
of  machinery,  foundations,  piping,  valves ,  and  any. 
rials  closely  located,  that  are  assembled  firmly,  sometimes 
reinforced,  to  allow  transportation  and  installation  as  one 
piece.  An  advantage  of  this  process  is  that  it  can  be  done  in 
the  shop,  which  provides  superior  conditions  to  the  outside 
shop  . 

On-block  Outfitting  (Figs.  1-9  and  1-10) 

This  means  a  process  of  installation  for  pieces  and  units  on 
hull  block,  in  the  shop  or  on  land.  It  is  usually  carried 
out  while  hull  blocks  are  being  stored,  but  also  can  be  done 
while  they  are  being  assembled.  its  advantage  is  the  same  as 
that  of  unit  assembly. 

Onboard  Outfitting 

This  is  a  process  of  installation  for  pieces  and  units  onboard 
the  ship.  Installation  of  pieces  and  units  which  are  already 
installed  on-block  is  carried  out  at  the  same  time  that  the 
block  goes  to  erection  onboard.  Combinations  of  these  pro¬ 
cesses"  results  in  4  procedures  for  ojubfdttrhiag  are 
illustrated  on  Fig.  1-13. 


otht 
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4.6  Manufacturing  of  Pallet 


1)  Required  quantity  of  Pallets 
The  fact  or  for  determination: 

Daily  products  of  pipe  shop  A  pcs/day 

Average  contents  of  one  pallet  B  pcs 

Average  stay  period  in  shop  c  dayS 

Required  quantity  of  pallets  =  (2A/B)C 
(including  materials  other  than  piping) 


2)  Pallet  Design 

Presented  IHI  case.  (Fig.  1-16) 

-  Size  of  pallet;  As  shown-in  Fig.  1-16 

(provided  the  quantity  of  pipes  is  50  pcs  in  maximum 
average  quantity  can  be  assumed  about  30  pcs.) 


-  Material  for  pallet;  angle  bar  3"  x  3"  X  3/8",  steel  net, 


lifting  eye  plate,  rib,  etc. 


I 


?f)V^ 
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5.  Efficiency  of  Outfitting  Jobs 

Efficiency  of  outfitting  jobs  can  be  divided  into  two  categories. 

One  is  called  "system  efficiency"  and  the  other  "activity  efficiency". 

When  whole  outfitting  jobs  are  figured  out  as-a  tB«tfo¥i6drk , 
is  an  efficiency  caused  by  idle  time  between  different  activities  and 
the  latter-within  an  activity.  Both  efficiencies  are  shown  in  Figs. 

1-17  and  1-18. 

5.1  System  Efficiency 

On  the  network  shown  in  Fig.  1-17,  at  the  point  that  activities 
1,  3  and  4  are  connected  we  sometimes  have  idle  time  after 

completion  of  activity  1  due  to  delay  of  activity  3.  This  idle 

time  Wlb  is  indicated  by  a  dotted  be  in  Fig.  1-17. 

For  example,  when  activivity  3  is  installation  of  a  bilge  pump 
and  activity  1  is  pipe  fitting  for  the  pump,  the  pipefit 
have  to  delay  starting  their  job  until  the  bilge  pump  installation 
is  completed.  But  as  we  have  experienced  many 
zation  of  different  activities  is  difficult.  ' 

It  is  inevitably  interrupted.  Receipt  of  the  bilge  pump  in  the 
warehouse  could  be  delayed  by  accident  or  damage  in  transportation, 
or  by  delay  of  vendor's  delivery.  Piping  installation  would  be 
delayed  by  problems  such  as  illness  of  the  workers  or  bad 


weather  etc. 
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Sometimes,  same  type  of  delay  occurs  before  starting  jobs.  ( 
Workers  might  be  awaiting  delayed  materials  or  preparation 
of  tools  which  should  have  been  prepared  in  time  by  another 
group  .  This  kind  of  time  loss  is  comparatively  larger  than 
time  loss  caused  within  an  acitivity.  This  is  not  a  loss 
caused  by  workers,  but  by  a  network  and  its  control.  We  can 
improve  this  by  improving  the  network  and  improving  control. 

We  call  this  "system  loss"  and  efficiency  caused  by  system 
loss  is  called  "system  efficiency." 

5.2  Activity  Efficiency 

Activity  efficiency  can  be  divided  into  two  parts.  One 
relates  to  actual  work  efficiency  and  the  other  to  personal 
efficiency . 

Actual  work  efficiency  relates  to,  for  example:  welding 
speed,  gas  cutting  speed,  grinding  speed,  fastening  speed, 
etc.  It  can  be  improved  by  technical  development  for  tools, 
facilities  equipment,  etc. 

Personal  work  efficiency  relates  to  workers'  irregular  rests 
during  duty  that  are  necessary  to  continue  the  work  physical¬ 
ly,  such  as  going  to  the  restroom,  etc.  It  can  be  improved 
by  providing  education,  motivation,  promation,  supervision, 


etc. 
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5.3  Palletizing  and  Efficiency 

As  discussed,  there  are  many  activities  in  a  network.  Each 
activity  has  the  possibility  of  causing  the  system  problems. 

But,  if  we  can  reduce  the  number  of  activities  we  could 
reduce  system  losses  at  once.  If  we  can  reduce  the  number 
by  o  n  e  - 1  e  e  t  hcould  reduce  system  losses  by  more 
one  tenth.  See  Chapter  1;  2.1. 


than 


7  a  "  —  Wl  —  *  100^) 

*1  S  i  System  Efficiency 
MH  :  Total  Manhour  required  for, System 
Wn.  *  Wna  '+  Wnb  *  '  ■•<■'/ 

Wna  s  Loss  before  Starting  of  Work 
Wnb  :  Loss  after  Work 
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CHAPTER  II  -  PROCESS  OF  PALLETIZATION 

1.  Outline  of  Process  for  Palletization  (Fig.  2-1) 

There  are  two  important  functions  involved  in  establishihg  a 
successful  palletizing  system:  composite  drawing  and  cross¬ 
communication  between  design  engineers  and  production  planning 
scheduling  and  controlling  engineers  (PP'S  engineers.).  .  See  Fig. 

2-2. 

After  completion,  functional  drawings  (general  arrangement, 
machinery  arrangement,  piping  diagram,  ducting  diagram,  mooring 
arrangement,  access  plan,  handrail  and  grating,  accommodations, 
ceiling  and  living,  insulation,  etc.)  are  sent  to  PPS  engineers. 
And  then,  follow  the  following  procedures. 

1.1  Planning  of  Outfitting  Method. 

PPS  engineers  study  these  drawings  and  decide  how  to  outfit 
the  ship  based  on  their  experience  on  previous  ships.  They 
also  refer  to  the  hull  construction  method  and  hull  block 
segregation.  Master  schedule  (annual  schedule)  and  slip, 
ways  or  docks  to  be  used  are  also  referred  to. 

Finally,  the  PPS  engineers  decide  outlines  of  how  to  outfit 
the  ship  and  a  list  of  pallets  which  will  be  used  in  that 
particular  ship.  They  also  devise  a  pallet  schedule  which 
shows  the  required  date  of  each  pallet.  (See  detail  e-xplana- 


tion  in  Chapter  II,  4.2.  )  This  information  is  then  sent  to 
design  engineers. 

1.2  Preliminary  Composite  Drawing 

Design  engineers  study  the  above  information  and  develop  prc 
liminary  composite  drawings,  which  are  very  rough  arrangements 
of  piping,  ducting  and  other  major  equipment  on  the  general 
and  machinery  arrangements.  Piping  is  indicated  by  only  one 
line,  as  in  a  diagram.  But  the  drawing  has  to  be  developed 
so  that  PPS  engineers  can  understand  how  many  and  what  kinds 
of  pipes  will  be  run  in  a  particular  section,  and  then  they 
can  decide  palletizing  segregation  for  almost  all  materials, 
relating  to  zones,  trades,  stages  and  units.  see  2-3. 

Preliminary  composite  drawings  are  sent  to  PPS  engineers  for 
their  review. 

1.3  Scheduling  of  Material  Procurement 

The  pallet  list  and  its  schedule  are  sent  to  n 
engine  SThey  decide  the  material  purchasing  and  issuing 
schedules,  referring  to  the  lead-time  of  materials.  see 
Figs.  2-4  and  2-5. 
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1.4  Review  on  Preliminary  Composite  Drawing 

Preliminary  composite  drawings  are  reviewed  by  PPS  engineers, 
together  wish  design  engineers.  They  plan  palletizing. 

They  decide  what  materials  are  to  be  installed  at  the  assembly 
stage ,  onboard  the  ship,  or  assembled  into  units. 

This  information  is  sent  back  to  the  design  engineers. 

1.5  Developing  Composite  Drawing 

Design  engineers  develop  composite  drawings,  referring  to 
functional  drawings  and  information  from  PPS  engineers.  Com¬ 
posite  drawings  are  drawn  zone-by-zone.  All  materials  that 
are  to  be  installed  in  a  zone  have  to  be  indicated  after 
checking  that  they  have  no  interferences  with  each  other. 

Besides  necessary  information  for  installation  being  indicated 
in  these  drawings,  they  are  also  satisfied  by  functional  re- 
quirements  . 

After  completion,  composite  drawings  are  sent  to  PPS  engineers. 

1.6  Review  of  Working  Drawing 

Composite  drawings  are  reviewed  by  PPS  engineers  to  see  if 
the  drawings  reflect  the  intended  installation.  IF  they  have 
any  comments  on  these  drawings,  they  discuss  their  comments 
with  design  engineers  until  both  PPS  and  design  engineers 
reach  mutual  agreement. 
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Then,  approval  for  further  development  is  then  given  on  those 
drawings . 

1.7  Development  of  Working  Drawings 

Working  drawings  are  drawings  by  which  installation  of  material 
in  one  zone  can  be  completed,  a  drawing  is  issued  with  segre¬ 
gation  corresponding  to  one  activity,  that  is,  issued  by  zone, 
by  trade  and  by  stage.  Sometimes  it  is  issued  with  more  than 
one  segregation  for  convenience  in  installation  or  manhour 
saving.  Contents  are  almost  the  same  as  those  of  a  composite 
drawing,  thesefore,  it  can  be  developed  from  the  composite 
drawing  by  means  of  a  photographic  technique. 

A  material  list  of  pallet  is  made  from  the  working  drawing. 

Both  working  drawings  and  material  lists  are  sent  to  PPS 

engineers  for  planning,  scheduling  and  actual  jobs.  Material 
lists  are  sent  to  material  control  for  updating  the  material 
ledger  and  palletizing. 

Note:  A  working  drawing  is  issued  only  when  outfitting  in  a 

certain  zone  is  congested  as  not  to  be  covered  by  the 
composite  drawing.  Normally  the  composite  drawing 
can  be  used  as  working  drawings. 
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A-B-C-D  meetings  are  held  for  cross  communication  between  Sales 
Initial  Design,  Yard  Design  and  Production. 
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Fig.  2-4  • 
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MLS  Material  list  by  systen 

MLE  Material  list  for  pallet 

A2  material  lists  of  woxic.Dwg*  A  but  divided  for  stage  A^  ?  A2* 
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2.  Design  Phase 


■  2.1  Requirement  for  Design  or  Production  Planning 

It  is  an  organizational  option  as  to  whether  the  conditions 
discussed  shall  be  required  for  the  Design  Department  and/or 
.the  Production  Planning  Department.  Provided  below  are  the 
options -of  the  Design  Department: 


1)  Composite  Drawing 


The  method  developing  the  design  is  as  follows: 


A: 


B: 


C: 


Schematic  Piping 
Diagram 

System  Arrangement 
(piping,  ducting, 
wiring,  etc.) 


Functional  Scantling 

Design  Design 


Machinery  Fabrication 

Arrangement  Plan  (for 

|  components) 


Composite 

Drawings 


Let  A,  B  and  C  represent  the  levels  of  the  design  develop¬ 
ing  stage.  A  level  drawing  is  a  segment  of  the  functional 
design  without  any  specification  of  position.  3  level 
drawing  specifies  the  rough  position  or  dimension  for  the 
actual  system,  machinery  or  components.  C  level  drawing 
specifies  position,  with  an  interrelationship  of  all 
materials  and  hull  construction.  This  is  the  composite 
drawing. 

This  C  level  composite  drawing  is  very  important  for 
■palletizing.  The  area  of  the  drawing  includes  the  region 
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of  job  units  and  accordingly,  all  the  jobs  accompanied 
with  all  the  materials  in  that  region.  if  the  composite 
drawing  cannot  include  all  the  materials  in  that  area 
(i.e.,  composite  drawing  of-piping  only),  palletizing 
may  be  incomplete. 

As  the  method  above  simply  shows,  the  COomposite  drawing 

is  based  on  t  h  e  h  u  1  1  Buis  thfe  rSVis^on  c  t  u  r 

of  the  hull  structure  may  be  required  from  the  outfitting 

standpoint,  and  the  hull  structure  will  be  revised  at  the 

i, 

desk,  not  at  the  construction  site.  It  goes  without  say¬ 
ing  that  this  will  also  increase  the  efficiency  of  out¬ 
fitting. 

2)  List  of  Material  for  Outfitting 

The  unit  of  material  flow  or  the  unit  of  a  job  can  be 
brought  to  view  by  the  list  of  materials  for  outfitting 
(referred  to  as  MLS) .  It  is  the  list  of  materials  con¬ 
tained  in  the  unit  of  a  job  referred  to  in  1)  above. 

There  are  three  aims  of  the  MLF: 

(1)  To  present  MLF  as  a  process,  a  schedule  unit,  used 

for.  considering  wh  e  rjobst  oontaihedr  in 
the  MLF  and  when  to  end  them. 

(2)  To  present  HLF  as  a  delivery  date  unit,  used  for 

considering  the  time  allowed  up  io  the  delivery  date 
of  each  piece  of  material  contained. 
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(3)  Loading  of  each  material  in  the  pallet  according  to 
the  MLF . 

The  MLF  is  made  from  the  composite  drawing  and  the  list 
of  materials  for  requisition.  The  time  allowed  for  the 
MLF  to  be  made  depends  on  the  necessary  date  of  the  pallet 
and  the  lead  time  of  each  piece  of  material  in  the  MLF.  " 

Who  should  make  the  MLF  depends  on  the  organization  and 
circumstances . 

Therefore,  the  requirement  for  design  as  to  the  MLF  is 
only  to.  figure  all  the  necessary  information  in  the  com¬ 
posite  drawing.  The  MLF  is  related  to  the  list  of  mate¬ 
rials  for  requisition  iii  the  following  (the  list  of 
materials  for  requisition  corresponds  to  design  levels 
A  and  B)  : 

Requisition:  Each  material  delivery  date  is  estimated 
from  the  Milestone  Schedule. 

MLF  :  Each  pallet  delivery  date  is  determined  by 

detail  planning  for  palletizing,  namely 
monthly  and  weekly  schedules. 

The  above  relationship  shows,  that  it  is  possible  to  re¬ 
vise  each  material  delivery  date  when  the  MLF  arid  its 
schedule  are  made.  But  the  careful  planning  of  palletiz¬ 
ing  and  the  information  from  that  planning  can  minimize 


such  a  revision. 
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2.2  Drawing  Issue  Schedule 

Drawings  that  are  necessary  for  palletizing  are: 

1)  Composite  Drawing 

2)  Working  Drawing 

3)  Material  List  for  Pallet  (MLF) 

These  drawings-must  be  issued  in  advance  of  the  date  for 
purchasing,  manufacturing  and  palletizing  of  materials  so 
that  the  palletized  materials  are  delivered  in  time  to  meet 
production  engineer's  reguests. 

The  issue  date  of  MLF  (A)  is  decided  py: 

1)  The  delivery  date  of  each  pallet  t0  a  production  site 

(  B  )  . 

2)  The  longest  lead  time  among  various  materials  of-short  lead 
time  contained  in  a  pallet'  (C),  as  shown  in  Fig.  2-5. 

(A)  =  (B)  -  (C) 

Actually,  however,  since  various  materials  have  various  lead 
times,  they  are  divided  into  several  groups  0f  pallets  which 
have  similar  lead  times,  rounded  to  a  whole  number,  as  a 
criterion  of  the  scheduling  for  drawings  in  0rder  to  make 
the  scheduling  simple;  for  example,  ^fGjfS^ts  has 
lead  time  of  one  month,  another  has  two  months,  and  so  on. 

This  scheduling  is  performed  referring  to  the  lead  time  of 
only  the  material  which  has  short  lead  times.  Material  with 


long  lead  times  can  be  ignored  for  this  scheduling  because 
preparation  of  these  materials  must  have  been  completed  in 
the  early  stage  by  functional  drawings  arid  their  material 
lists  (MLS  =  Material  List  by  System).  gee  pj_g<  2-4. 

Starting  date  for  making  the  "Material-List  of  Pallet"  is 
decided,  adding  its  duration  to  the  issue  date  of  drawings. 
Also,  the  starting  date  of  the  composite  drawing  is  principal¬ 
ly  decided,  adding  its  duration  to  the  issue  date  of  the 

"Material  List  of  Pallet."  it  should  be  noted  that  the 
"Material  List  of  Pallet"  can  be  started  and  completed  before 

completion  of  the  composite  drawing  and  "Material  List  of 
Pallet"  should  be  carefully  controlled  because  the  earlier 
the  issue  of  the  list  and  the  more  accurate  pig-p  ^he 

more  efficient  the  production  preparation. 

Composite  Drawing  (Figs.  2-3  &  2-6) 

The  composite  drawing  can  be  divided  into  two  kinds  of  draw¬ 
ings.  One  is  the  composite  drawing  itself  and  the  other  is 
the  working  drawing.  The  former  is  used  for  studying  all  the 
installations  for  machinery,  equipments,  piping  and  all  other 
outfitting  materials,  anc[  for  checking  interferences  between 
them  and  with  steel  structures.  The  later  is  used  for 
installations  in  the  yard,  therefore,  it  is  usually  issued 
segregat  £r.Hde  and  stage.  The  latter  can  be  devel¬ 

oped  from  the  former  by  means  of  the  photographic  technique. 
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After  taking  a  copy  of  one  zone  from  a  composite  drawing, 
the  lines  which  have  to  be  worked  out  by  that  activity  (trade 
and  stage)  are  emphasized  by  the  photographic  technique.  And 
particular  information  for  workers  ,  such  as  sizes  and  clear- 
antes  necessary  for  installation,  installation  sequence, 
loose  flange,  weight  for  loading,  etc.;  are  added.  The  most 
important  aspect  of  the  working  drawing  is  that  all  work 
included  in  one  work  job  order  can  be  completed  from  one 
working  drawing  without  the  help  of  other  drawings. 

We  also  have  preliminary  composite  drawings,  but  these  draw¬ 
ings  are  only  developed  in  the  process  of  developing  the 
composite  drawing  for  convenience,  if  necessary.  (See 
Chapter  II,  1.2.) 

The-composite  drawing  requires  much  more  information  than 
any  other  drawings  that  are  to  be  issued.  Therefore,  the 
draftsman  for  the  composite  drawing  has  to  be  a  person  who 
has  a  comprehensive  faculty  for  understanding  not  only  func¬ 
tional  matters  but  also  production  matters.  Sometimes,  he 
has  to  go  on  board  to  see  actual  situation  of  outfitting  and 
to  discuss  matters  in  problem,  if  any,  with  PPS  engineers  and 
foremen . 


The  composite  drawing  has  to  have  the  following  information: 
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1)  Information  on  hull  structure  such  as  location,  shapes 
and  sizes  of  web  frames,  face  plates,  stiffeners,  brackets, 
chocks,  block  joints,  seams,  butts,  lightning  holes,  drain 
holes,  air  holes  and  all  other  information  which  affects 
the  installation  of  outfitting  materials. 

2)  Location,  shapes  and  sizes  of  all  machinery,  equipment, 
instruments,  facilities,  electric  cablevays,  ducts,  racks, 
shelves,  etc. 

3)  All  details-have  to  fulfill  functional  requirements. 

4)  All  machinery  and  equipment  are  arranged  to  have  adequate 
spaces  for  operation,  overhauling  and  maintenance. 

5)  Machinery,  equipment  ,  and  hull  structures  do  not  inter¬ 
fere  with  each  other. 

6)  Dimensions  and  sizes  indicating  locations,  shapes,  dis¬ 
tances,  clearances  and  tolerances  necessary  for  installa¬ 
tion  are  to  be  indicated. 

■  7)  Piece  numbers  for  machinery,  equipment  and  pieces  neces¬ 
sary  for  installation  are  to  be  indicated. 

8)  Installation  sequence. of  machinery  and. equipment  are  to 
be  indicated. 

9)  Loose  pipe  and  make-up  pipe  are  to  be  indicaced.  The  irF- 
dications  are  also  used  for  pipe  installation  sequence. 
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20)  Particular  notices  fOr  installation,  if  any,  are  to  be 
indicated: 

2.4  Material  List  for  Pallet  (mlf.  See  Fig„2-7) 

Material  List  for  Pallet  must  list  all  materials  that  are 
necessary  to  complete  jobs  in  one  work  order,  for  example, 
pipe  pieces,  flanges,  bolts,  nuts,  gaskets,  nameplates,  etc 
as  well  as  major  materials.  Jobs  in  one  work  order  mean,  jobs 
in  one  activity  or  jobs  in  one  zone,  but  divided  by  trade  and 
stages,  if  any. 

1)  Major  Information  to  be  included  in  Material  List  for 
Pallet 

Material  List  for  Pallet  must  include  information  neces¬ 
sary  for  installations,  such. as: 

(1)  Pallet  number 

(2)  Name  of  material 

(3)  Identification  for  installation  (piece  number) 

(4)  Specification 

(5)  Quantity 

(6)  Weight 

(7)  Sketches,  if  necessary 

(8)  Information  for  assembly 

(9)  Working  drawing  number  corresponding  to  this  list 

(10)  Information  for  manhour  calculation  for  jobs  included 
in  this  list 

(Item  No.  corresponds  p0  ppe  column  No.  of  MLF  in  the  circle) 
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Details  of  above  items  are  as  follows: 

(1)  Pallet  Number  is  used  for  identification  in  order 
to  know 

When  we  have  to  start  this  palletizing 
When  we  have  to  deliver  this  pallet 
Where  we  have  to  deliver  this  pallet 
Where  we  have  jobs  of  this  pallet 
When  we  have  to  do  jobs  of  this  pallet 
To  whom  we  have  to  deliver  this  pallet 

(2)  Name  of  Material  is  indicated  for  each  item  of 
material  listed  so  that  anyone  can  understand  it. 

Some  kind  of  code  can  be  used  for  identification  in 
a  computer  system  in  addition  to  the  above. 

(3)  Identification  for  Installation  (piece  number)  is 
used  for  identification  of  each  listed  piece  (see 
Note)  which  has  to  be  indicated  on  the  working 
drawing  for  convenience  of  installation. 

Note:  Piece  is  not  material.,  therefore,  piece 

number  is  not  material  code,  e.g.,  one  piece 
of  pipe  is  composed  of  two  flanges  and  one 
pipe . 


(4) 


Specification  is  diameter  of  pipe  and  valve,  plate 
thickness,  classification  of  material,  etc.;  dia- 
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meter  of  pipe  and  valve  is  especially  important  but 
it  may  be  indicated  in  Name  of  Material  Column  in¬ 
stead  this  column  . 

(5)  Quantity  -  No  explanation  is  necessary. 

(5'  :  Unit  of  quantity) 

(6)  Weight  is  used  for  planning  of  jobs,  such  as  lifting 

weight,  total  weight  of  assemblies,  or  index  for 
checking  job  progression  such  as  total  loading 
weight  per  month.  ,, 

(7)  Sketches  is  convenient  for  identifying  materials 
such  as  pipe  pieces,  especially  for"unskilled  workers. 

(8)  Information  for  Assembly  is  used  for  indicating 
sequence  of  jobs,  units  to  be  pre-assembled,  or 
notation  for  special  installation. 

(9)  Working  Drawing  Number  is  the  drawing  to  be  referred 
to  accomplish  jobs  relating  to  this  pallet. 

(10)  Information  for  Manhour  Calculation  (Control  Weight) 
is  used  for  manhour  calculation  for  jobs  included  in 
this  pallet.  Manhour  Calculation  is  used  for  control. 


Material  List  for  Pallet  is  also  used  for  palletizing 
materials  in  the  warehouse,  and  for  checking  received 
materials  by  foreman  in  the  yard.  Sometimes,  comments  on 


installation  or  material  itself  is  fed  back  to  the  design 
engineer.  Therefore,  Material  List  for  Pallet  has  to  be 
a  list  that  people  in  design,  material  pr^jjremer 
ning,  scheduling,  and  the  foreman  and  worker  can  chase 
material  easily  by  referring  to  this  list. 

2)  Other  Information  included  in  MLF  of  IHI 

(See  Fig.  2-7;  ItemNo..  corresponds  to  the  colurr 
MLF  in  the  circle) 

(5’J  Unit  of  Quantity,  1:  piece,  set,  sheet,  etc 

2:  g  (gram) 

3:  kg  (kilogram) 

4:.'  m 
5: 

6:  m3 

7:  1/1000  nJ 

8:  l 

(10  ')  Identif icatim  of  Weight  for  manhour  calculation, 

Blank:  Weight  of  material  not  proportional  to 

outfitting  manhour 

(ex.  Main  engine,  diesel  generator,  etc.) 

2  Weight  of  material  proportional,  to  outfitting 

manhour.  (=  Control  Weight) 


(11)  Ship  Number 


(12) 


Required  Date  for  Pallet 


1  3  )  Next  Stage  (MLF-NO .  ) 

(14)  Responsible  Outfitting  Shop  (Code  No.  of  each  shop) 

(15)  Responsible  Design  Section  (Code  No.  of  each  section) 

(16)  Page  Number  means  the  page  of  each  MLF  sheet  in  the 
all  MLF  sheets  printed  out  in  a  day.  it  is  serial 
number  and. used  for  identification  between  different 
shops  or  design  sections. 

(17)  Length  of  Electric  Cable  if  any 

(18)  Weight  of  Pallet;  The  upper  figure  shows  sub-total 
weight  in  the  sheet  and  the  lower  figure  accumulated 
weight  of  the  pallet.  Weight  of  temporarily  located 
material  which  is  to  be  outfitted  by  other  MLF  after 
loading  onboard  is  not  included. 

(19)  Erection  (Loading)  Weight  includes  the  weight  of 
temporarily  located  material. 

(20)  Page  of  MLF  within  a  pallet 

(21)  Fabrication  Sign  indicates  information  of  fabrica¬ 
tion  process  to  be  applied  to  the  pipe  piece  before 
final ., installation . such  as  for  make-up  pipes  or  a 
pipe  pieces  which  need  to  be  finish  painting  in  the 
pipe  shop,  after  decision  of  the  dimension. 

<22)  Temporary  Location  sign 


1  :To  be  finally  installed  at  the  next  stage.. 
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2:  To  be  finally  installed  at  this  stage,  i.e., 
the  material  is  temporarily  located  at  the 
preceeding  stage. 

(23)  Painting  Schedule  code  of  which  is  given  by  IHI 
standard  SOT-A280201. 

(24)  MLF  No,  for  Temporarily  Located  Material 
.1:  MLF  No.  of  the  nest  stage. 

2:  MLF  No.  of  the  preceding  stages 

(25)  Reference  Drawing  No .  for  enample,  drawing* number 
of  the  fabrication  drawing  or  purchase  order  speci¬ 
fication  for  the  material. 

(26)  Material  Resources  identifies  resource  of  the 

al  such  as  allocated  material  purchased  for 
a  specific  ship  or  stock  material  etc. 

(27)  Material  Code  is  IHI  standard  code  given  for  the 
material  and  used  commonly  for  various  shins. 

(23)  Classification  of  the  Material  is  classification 

standard  for  the  material  such  as  IS  (IHI  Standard), 
JIS  (Japanese  Industrial  Standard),  ABS  etc.  This 
classification  may  be  given  by  (4)  Specification 
as  practically. '  _ 

(29)  Remarks ;  .  Any  special  remarks  other  chan  (1)  -  (28) . 
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3.  Material  Control 

3.1  Scheduling  for  Material  Procurement 

The  most  important  point  for  palletization' is  to  prepare  a 
pallet  without  missing  material  in  a  timely  manner.  To 
satisfy  the  above  requirement,  materials  have  to  be  purcha: 
stocked,  expedited,  received  and  issued  by  a  material  proe 
meat  .schedule  which  is  prepared  on  the  basis  of  the  requiri 
date  of  -each  pallet.  An  example  of  material  procurement 
scheduling  is  indicated  in  Fig.  2-8.  Explanation  of -words 
‘used  in  Fig.  2-8  is  as  follows: 

Material  Delivery  Date  is  the  date  that  the  pallet  is  requs 
— ed- -to-be-  delivered  to  yard;  'this  date  is  decided  by  an  outi 
~ihg‘ control  engineer  daily  or  weekly,  reflecting  current 
situation  of  jobs. 

Required  Date 'for  Pallet  is  the  scheduled  d'ate:-'by- which’  a : 
pallet  should  "be  ready  - to  be  delivered  from  the  warehouse- 
writh'-a  few  days 'advance' of '‘the  Material  Delivery  Date.  'This 
.  advance  is  necessary  for  preparation  of  issuing  the  pallet, 

Material  Issue  Request  is  request  for  delivery  of  pallet,  i 
pallet  number.  Issue  of  Materials  is  ordered  by  Material 
Issue "Order.  (Figs.  2-9,  2-10) 
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List  of  Missing  Material  (Fig.  2-11)  lists  missing  material 
in  a  pallet  which  is  going  to  be  delivered  by  Material  Issue 
Request.  The  outfitting  control  engineer,  foreman  and  his 
workers  can  know  that  they  will  have  missing  material  in  their 
next  job  by  this  list. 

List  of  Delayed  Material  (rig.  2—12)  lists  materials  which 
are  delayed  from  contracted  date.  The  material  expeditor  has 
to  expedite  these  listed  materials  in  order  to  'obtain  them  by 
the  material  distribution  date.  When  he  is  unable  to  obtain 
the  delayed  material -in  time,  he  has  to  list  that  material  in 
the  List  of  blissing  Materials. 

Vendor  Delivery  Date  is  the  delivery  date  of  an  item  of 
material  on  a  contract  between  vendor  and  shipyard. 

Starting  Date  of  Palletizing  is  the  same  date  as  the  vendor 
Delivery  Date,  taking  into  account  of  few  days'  duration  for 
palletizing. 

When  the  Material  Delivery  Date  arrives,  the  outfitting  control 
engineer  prepares  a  Material  Issue  Request  for  particular  pal¬ 
lets  for  which  he  wishes  to  start  corresponding  jobs.  By 
request,  the  warehouseman  delivers  the  requested  pallets;  the 
status  of  outfitting  jobs  changes  daily,  although  palletization 
occurs  on  the  basis  of  the  outfitting  schedule. 
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In  IKI,  time  spans  A,  B,  C,>  and  D  in  Fig.  2-8,  are  60,  7,  15 
and  10  days,  respectively,  but  they  vary  on  a  case-by-case 
basis. 

Many  kinds  of  materials  which  have  different  lead  times,  from 
more  than  one  year  to  less  than  one  week.  Materials  which 
have  long  lead  times  must  be  purchased  early  in  the  design 
phase;  materials  such  as  machinery,  motors,  starters,  anchors, 
bollards,  special  valves,  large  valves,  castings,  furniture, 
etc.,  must  be  purchased  by  material  list  by  system  (MLS), 
which  is  prepared  when  a  functional  drawing  is .completed. 

Fortunately,  these  major  materials,  with'  their  quantities  can 
be  listed  "in  the  early  stage  and  the  date  for  purchasing  these 
materials  can  be  easily  determined  on  the  basis  of  the  requir¬ 
ed  date  of  the  pallet.  Because  the  locations  of  these  materi¬ 
als  are  clear  on  the  functional  drawing,  then  we  can  easily 
determine  the  need  date  from  the  master  schedule. 

Information  for  Expediting  lists  the  materials  that  are 
scheduled  for  delivery  within  a  few  months.  The  expeditor 
can  pay  attention  to  particular  materials  in  order  to  begin 
expediting,  if  necessary,  by  this  list. 

Date  for  Placing -Purchase  Order  is  a  date  on  which  the  pur¬ 
chaser  must  place  an  order  for  material  for  a  manufacturer. 
This  date  can  be  determined  by  taking  account  lead  time  and 
Vendor  Delivery  Date. 
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Thus,  we  can  determine  the  date  for  placing  an  order  for  each 
item  of  material  and  put  it  together  to  form  the  material 
purchasing  schedule.  But  actually,  we  have  to  place  an  order 
taking  into  consideration  not  only  the  above  schedule  but  also 
the  market  condition,  purchase  lot,  etc. 

3.2  Expediting  and  Palletizing 

After  placing  an  order,  we  have  to  prepare  Information  for 
Expediting  in  order  to  obtain  material  of  a  pallet  in  time. 

When  the  Vendor  Delivery  Date  passes,  we  have  probably  receiv¬ 
ed  almost  all  of  the  material  for  one  pallet,  because  the 
purchasing  schedule  is  determined  on  the  basis  of  Required 
Date  of  Pallet.  Even  so,  we  may  experience  a  delay  in  mate¬ 
rial  receipt.  If  material  is  delayed;  it  must  be  listed  in 
the  List  of  Delayed  Material  within  a  few  days  after  Vendor 
Delivery  Date  in  order  Expedite  that  material.  Then,  we 
have  to  start  palletizing  materials. 

If  we  find  that  getting  material  in  time  is  impossible, 
materials  must  be.  listed  in  the  List  of  Missing  Material. 

The  outfitting  control  engineer  or  foreman  must  decide  whether 
he  should  start  a  job  now  or  wait  in  order  to  minimize  loss 
which  might  be  caused  by  missing  materials  until  the  missing 
material  is  supplied  with  Supply  List  of  Missing  Material 
(Fig.  .  .  2-13)  . 
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Materiels  which  have  short  lead  time  are  troublesome.  We  can 
not  definitely  list  these  minor  material  especially  with  their 
quantities,  in  an  early  stage  when  only  functional  drawings 
are  available.  Besides,  we  have. to  hold  listing  them  with 
their  definite  quantities,  because  we  cannot  determine  quanti¬ 
ties  and  locations  of  these  minor  materials  such  as  drain 
valves,  small  pipe,  flanges,  elbows,  reducers,  plugs,  pipe 
supports,  electric  cable  trays,  wire  nets,  rings,  eyes,  etc., 
by  functional  drawings  only.  We  have  to  hold  purchasing  until 
after  working  drawings  are  completed.  Fortunately,  they  have 
short  lead  times.  Therefore,  if  we  can  schedule  the  working 
drawing  and/or  material  list  of  pallet  to  meet  the  material 
purchasing  schedule,  we  can  complete  these  drawings  in  a  com¬ 
paratively  late  period  without  impacting  the  pallet  schedule. 
Fig.  2-4  shows  this  aspect. 
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List  of  Missing  Material 
Material  Control  Classification 
Material  Code  • 

Alteration 
Ship  Ho, 

Cost  Classification  , 

Pallet  No. 

.  *  ■ 

CPFL. 

Parts  No. 

Delivery  Date  ' 

Expected  Receipt  Date 
Warehouse  Man 
Purchasing  Section 
P.O,'  No.  • 

Alteration 

Destination 


Fig.  2-11  List  of  Missing  Material 
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4.  Outfitting  Production 

4.1  Functions  of  Organization 

For  the  operation  of  palletized  outfitting,  the  zone-oriented 

organization  is-superior  to  the  craftsmanship  oriented  or.ganiz; 

tion.  An  example  of  the  zone-oriented  organization  is  shown  in 

Fig  .  2-14  . 

As  indicated  in  Fig.  2-15,  the  functions  of  each  sub-divided 

organization  are  as  follows: 

°  Engine  room  section  performs  all  jobs  in  engine  room  except 
electrical  jobs. 

o  Accommodation  section  performs  all  jobs  in  accommodatic 
space  except  electrical  jobs. 

o  Deck  and  hold  section  performs-all  j0bs  in  spaces  other 
than  engine  room  and  accommodation  space  except  electrical 
jobs . 

■°  Electrical  section  performs  all  electrical  jobs  in  entire 
ship/ area . 

o  Each  section  has  sub-sections,  such  as  unit  assembly,  on- 
block  outfitting  and  onboard  outfitting. 

(Alternative  1)  Unit  assembly  and  on-block  outfitting 
be  merged  into  one  in  each  section  if  estimated  total 
workload  of  these  sub-sections  is  not  great. 
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(Alternative  2)  If  estimated  total  workload  of  unit 
assembly  and  on-block  outfitting-in  each  section  is  not 
sufficient  to  continue  these  jobs  with  a  reasonable  quant¬ 
ity  every  day,  part  of  the  sub-section  may  be  omitted. 
(Alternative  3)  If  estimated  total  workload  of  unit 
assembly  and  on-block  outfitting  of  all  sections  is  suf¬ 
ficient  to  continue  these  jobs  with  a  reasonable  quantity 
every  day,  a  common  and  merged  unit  assembly  and  on-block 
outfitting  section  may  be  advisable. 

o  Material  preparation  section  performs  material  gathering 
marshalling,  palletizing  and  delivery.  Details  are  de¬ 
scribed  in  CHAPTER  II,  4.3,  "Material  Marshalling  and 
Palletizing. " 

o  Material  preparation  section  consists  of  palletizing  group 
and  transportation  group. 

Palletizing  group  performs  material  gathering  from  ware¬ 
house  or  manufacturing  shops,  marshalling  and  pelletizing 
materials . 

Transportation  group  performs  delivery  of  pallets  to 
destinations  requested  by  production  control  engineer. 

o  Manufacturing  shop,  manufacturing  pipes,  ducts,  doors, 
hatches,  machinery,  equipment,  etc.,  has  to  be  operated 
independently,  from  the  others,  because  manufacturing  shop 
operation  and  procedure  are  quite  different. 
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We  merely  make  a  synchronized  interface  between  the  end 
of  manufacturing  and  the  stare  of  outfitting,  that  is, 
completion  of  materials  and  palletizing. 

Job  territory  of  each  section  in  a  ship  must  be  determined  as 
clearly  and  simply  as  possible.  For  example,  the  boundary 
between  the  territories  of  engine  section  and  deck  section 
has  to  be  set  at  one  plane  on  or  in  parallel  with  the  engine 
room  front  BHD  as  much  as  possible.  In  other  words,  organizat¬ 
ion  should  be  zone-oriented. 

By  this  organizations  jobs  in  some  zones  can  be  completed  by 
a  minimum  number  of  workers  who  belong  to  only  one  section, 

while  the  same  must  be  accomplished  by  a  larger  number  of 
workers  who  belong  to  more  than  two  sections  of  a  craftsman¬ 
ship  oriented  organization.  If.  a  zone  is  not  large  and  jobs 
in  a  pallet  are  not  complicated,  the  job's  might  be  completed 
by  only  one  able  worker. 

Today,  it  seems  that  well  educated  workers  are  requesting 
more  educational  opportunity  and  knowledge  about  their  jobs. 

We  called  them  "multi-job  workers"  who  can  do  various  kinds 
of  jobs  such  as  installation  of  piping,  steel  work,  eguipment, 
welding,  gas  cutting  etc. 

If  we  can  successfully  train  a  multi-job  worker,  we  will  be 
able  to  locate  workers  at  certain  zones  and  gain  control  with 
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high  productivity.  We  call  this  idea  "Fixed  Place,  Fixed 
Person"  or  "Multi-job  System,  "  which  is  one  of  the  ideal 
organizations  in  the  future. 

4.2  Major  Activity  of  Palletizing  Planning  (See  'Fig.  2-1) 

1)  Planning  of  Outfitting  Method  and  Palletization 

PPS  engineers  plan  "how.  to  outfit"  and  make  a  primary 
guide  for  palletization,  utilizing  the  following  drawings 
and  information. 

General  Arrangement 

Machinery  Arrangement 

Functional  Drawings 

Hull  Construction  Drawings 

Practice  and  Experience  of  Palletizing 

Ship  Construction  Method" 

Hull  Block  Segregation 
Master  Schedule  etc. 

First  they  match  the  segregation  of  outfitting  zones  and 
pallet  zones  with  the  hull  block,  assemblies  taking. into 
account  the  following: 

0  Scope  of  units  -  size  and  number  of  unit,  machine  and 
adjacent  piping  to  be  assembled,  etc. 

0  Sequence  of  jobs  (materials)  for  each  on-unit,  on-block, 


onboard  outfitting 


Iskikewojime-Harima  Heavy  Industries  Co.,  Ltd. 


o  "Miscellaneous  details 

Following  is  an  example  of  an  engine  room  lower  flat: 

0  How  does  the  engine  room  segregate  into  zones? 

0  Is  the  large  unit  outfitting  method  applied? 
o  How  is  the  main  engine  installed? 

0  How  are  the  auxiliary  machines  assembled  into  the  units 
together  with  adjacent  piping  and  other  materials? 

°  In  what  sequence  are  they  installed? 

0  By  what  stage  are  they  installed? 

0  How  are  the  other  materials  palletized? 

After  the  above  study,  they  prepare  "Orientation  of 
Palletizing,  "  "Pallet  List"  and  "Pallet  Schedule." 
"Orientation  of  Palletizing"  indicates  "how  to  outfit." 
Namely,  it  contains  detailed  zoning  of  the  ship  (Fig. 
2-16),  pallet  definition  for  each  stage  (Figs.  2-17,  2 
and  guidance  for  materials  to  be  preferably  outfitted  at 
each  stage  with  some  sketches,  if  necessary,  etc. 

"Pallet  List"  lists  all  pallets  which  are  to  be  used  in 
the  ship.  See  Fig.  2-19.  "Pallet  Schedule"  shows  the 
reguired  date  for  each  pallet,  which  is  used  for  drawing 
issue  schedule  and  material  procurement.  See  Fig.  2-20. 
These  information  are  sent  to  the  design  engineers  who 
develop  the  preliminary  composite  drawings.  Since  this 
planning  is  performed  at  a  very  early  stage,  "Pallet  List" 
and  "Pallet  Schedule"  may  be  updated  in  subsequent  stages. 
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Fig.  2-16  Zoning  of  Machinery  Part 

(For  the  detail,  refer  to  Chapter  V) 

A  B  C  ...  Zone  Level  (See  Chapter  V) 


Elevation  Level  No,  or  Initial  Letter  of  Compartment 
M:  Machinery  Space,  A:  Aft  Part  (Hull  Part) 
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Fig.  2-19  (1/4) 
PALLET  LIST 
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STAGE:  ON-BLOCK  (PIE 
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Fig.  2-20.  (2/2)  Itemized  Description  of  Pallet  Schedule  £. 

1 .  MLF  No : 

2'.  Following  Stage  (MLF  No.,  Used  for  a  unit) 

3.  Temporary  Location  Zone 

4.  CIII,  Sign  for  alteration;  1:,  Partial  Revision,  3:  Deletion  . 

5.  Responsible  Outfitting  Shop 

6.  Zone  for  Material  Procurement 

7.  Installation  Date 

8.  Working  Drawing  No. 

9.  9-1:  Number  of  pipes  or  electric  cables 

9-2 :  Weight  of  pipes  or  electric  cables 

10.  Installation  Weight,  10-1:  Control  weight  which  is  in  proportion  to  outfitting  manhour 

10-2:  Other  weight  than  control  weight 

11.  Starting  Date  of  Installation  . 

12.  Revision  No.  of  Pallet  Schedule 

13.  Revision  No.  of  Design 

14.  Schedule,  A:  Drawing  Issue  Date,  B:  Material  Issue  Date,  C:  Installation  Date, 

D:  Input  Date  of  MLF  Data  (to  Computer) 

15.  Ship  No. 

16.  Responsible  Design  Section 

17.  Authorization 

18.  Distribution 

‘V 

> 

o 
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Review  of  palletizing 

After  receiving  the  pre-composite  (=  preliminary)  drawings 
from  design  engineers,  PPS  engineers  review  them  to  deter¬ 
mine  whether  the  pre-composite  drawings  are  developed  as 
previously  indicated  by  "Orientation  of  Palletizing." 
Furthermore,  they  check  the  drawings  with  regard  to 
several  points  with  which  PPS  engineers  must  be  more 
familiar  than  are  design  engineers.  Checking  safety  of 
installation  is  especially  important  to  PPS  engineers. 

o  Is  the  design  (arrangement)  workable  at  operation  and 

maintenance?  e.g.,  arrangement  of  handle,  space  for 
operation,  height  of  handle,  etc. 

°  Are  lifting  eyes  located  at  a  position  so  that  lifting 

wires  on  them  will  not  cause  damage  to  outfitting 
materials  when  they  are  lifted  and  turned  over? 

»  Do  hull  blocks  have  space  for  rests  for  storing  after 

all  materials  are  installed? 

o  Are  all  jobs  accomplished  safely? 

°  Can  scaffolding  be  prepared  firmly  and  safely? 

After  review  of  pre-composite  drawings,  PPS  engineers 
send  them  back  to  the  design  engineers  for  development 
of  composite  drawings. 
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3)  Review  of  Composite  Drawing 

After  receiving  the  composite  drawings  from  design  engi¬ 
neers,  PPS  engineers  review  them  to  determine  whether  the 
composite  drawings  have  been  developed  as  reguested. 

They  then  check  all  machinery  units,  piping  units,  other 
units,  pipe  spools, .  grating,  and  all  other  materials, 
piece-by-piece..  They  carefully  check  pieces  which  are 
located  on  or  near  segregation  between  pallets,  because 
these  pipes  will  sometimes  affect  onboard  outfitting 
productivity.  For  example: 

On  Fig.  2-21,  when  planning  of  the  pump  unit,  we  usual¬ 
ly  want  to  put  the  valve  manifold  together  with  the 
pump,  because  it  is  a  part  of  the  pump  unit.  If  we  do 
so,  boundary  between  the  pump  unit  and  the  pipe  and 
grating  unit  (pallet)  becomes  B.  Then  6  pieces  of 
pipe  spools  (I),  (2X  (S,  <3£,  (S'  and(§)  go  to  an  onboard 
unit,  which  reguires  connection  of  pipes  and  the  mani¬ 
fold  onboard.  But  if  we  put  it  into  the  pipe  and 
grating  unit  (pallet),  the-boundary  becomes  A.  Then 
pieces  (S' to  (£)  go  to  an  onboard  unit,  i.e.,  connection 
of  pipes  and  the  manifold  can  be  done  in  the  unit 
assembly  shop.  Besides,  installation  of  piece  (S' is 
much  easier  than  under  grating  pipe  pieces  (S)  CL  Q,  (S> 

(S'  and  (D  if- carried  out  onboard.  On  Fig.  2-22,  the  hull 
block  B  is  loaded  after  A,  as  their  joints  indicate. 
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Then,  joints  of  pipes  have  to  be  1;  if  they  are  2,  the 
hull  block  plate  edge  has  to  insert  between  the, 
of  block  A  and  pipes  when  loading.  in  connection  with 
the  hull  block  joint,  the  pipe  joints  must  be  given  at 
3  and  4,  and  the  pipe  between  3  and  4  is  installed  on¬ 
board  as  a  make-up  pipe.  Otherwise  the  piping  that 
is  already  installed  at  the  on-block. stage  disturbs 
welding  for  the  web  joint.  On  Fig.  2-23,  lined  joints 
are  better,  than  zig-zag  joints  for  ease  of  unit  in¬ 
stallation  . 

4.3  Material  Marshalling  and  Palletizing 

1).  Role  of  Material  Preparation  Group 

The  role  of  the  Material  Preparation  Group  is  to  assure 
the-best  supply  of  materials,  to  the  production  department 
from  the  material  department  in  a  timely  manner.  It  is 
one  of  the  most  important  jobs  in  the  process  of  pallet¬ 
ization  because,  as  we  have  discussed,  the  best  material 
preparation  will  result  in  the  best  productivity. 

Therefore,  the  role  is  not  limited  to  the  palletizing  and 
transportation  of  materials  but  also  includes  expediting 
and  communicating  about  material  and  material  preparation 
with  the  design  engineers  as  well  as  PPS  engineers. 
Materials  which  might  be  delayed  are  always  picked  up  and 
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expedited  together  by  an  expediter  in  the  Material  Procure 

ment  Dept,  when  it  is  found  cl-tat  the  delay  is  unavoidable 

>' 

the  PPS  engineer  is  informed  so  that  he  can  reschedule 
the  outfitting  work  to  meet  the  delay.  pi0w  of  material 
preparation  is  shown  in  Fig.  2-24. 

2)  Organization  (Example  of  IHI  Kure  Shipyard) 

As  shown  in  Fig.  2-25,  the  Material  Preparation  Group  is 
subdivided  into  five  groups.  Four  of  them  correspond  to 
the  subdivisions  of  the  Outfitting  Dept.,  so  that'  each 
group  can  closely  communicate  with  its  corresponding  sub¬ 
division  about  material  preparation.  The-spare  parts 
group  takes  care  of  spare  parts  independently  so  as  not 
to  disturb  palletizing,  because  handling  of  spare  parts 
is  a  troublesome  job  at  the  end  stage. 

Transportation  is  operated  by  one  independent  group  for 
efficient  and  safe  operation  of  carriers. 

In  IHI  Kure  Shipyard  the  material  preparation  group 
belongs  to  the  Outfitting  Production  Dept.  But  this 
group  can  alternatively  belong  to  the  warehouse.  Advan¬ 
tage  and  disadvantage  in  this  case  are: 

°  -Being  able  to  save  manhours  for  marshalling  and  pallet¬ 
izing  thanks  to  good  communication  within  the  warehouse 
dept . 
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0  Being  liable  -for  poof  communication  with  PPS  engineers 

and  production  site. 

3)  Material  Pteparation 

Each  group  gathers  information  for  material  preparation 
and  takes  actions  such  as: 

0  Preparing  requests  for  scheduling  of  working  drawing 
and  "Material  List  of  Pallet,"  referring  to  production 
schedule,  lead  time  of  materials  and  feedback  data, 
(actual  situation  of  material  preparation  in  the  last 
ship) . 

0  Expediting  materials  to  meet  palletizing  schedule. 

0  Communicating  production  schedule  changes  to  material 
control  engineer  in  order  to  adjust  material  receiving 
schedule . 

0  Informing  PPS  engineers  of  delayed  materials  and  making 
tentative  changes  in  the  palletization  schedule  to  meet 
changes  caused  by  the  delay. 

4)  Inspection  (proposed) 

When  materials  arrive, .  inspection  is  carried  out  for  each 
item  material  by  referring  to  the  drawings.  If  a  defect 
is  found, .  that  material  is  sent  back  to  the  vendor  or 
manufacturing  shop  and  re-receipt  date  is  determined. 
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When  the  pallet  of  that  material  has  already  been  issued, 
excluding  that  material,  re-receipt  date  is  communicated 
to  the  PPS  enginers 

5)  .  Palletizing 

Materials  are  palletized  as  follows: 

0  When  delivery  date  of  pallet  indicated  in  the  latest 
monthly  schedule  is  received,  material  issue  from  the 
warehouse  and  manufacturing  shop  of  the  pallet  is 
requested  (pallet-by-pallet)  . 

o  The-warehouse  and  manufacturing  shop  issue  materials 
pallet-by-pallet,  referring,  to  "Material  List  Of 
Pallet"  with  "List  of  Missing  Material." 

-These  materials  from  the  warehouse  and  the  manufactur¬ 
ing-shop  are  combined  into  one  pallet. 

o  a  daily  pallet  transportation  schedule  'is  prepared  and 

sent  to  the  transportation  group. 

0  Missing  materials  which  should  have  been  contained  in 
the  pallet  that  has  already  been  delivered  are  expe 
ed  and  sent  to  the  production  site  when  received. 
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6)  Transportation 

Pallets  are  transported  to  the  area  which  was  previously 
determined  near  on-unit  outfitting  and  on-block  outfitting 
site,  or  to  the  spot  on  deck,  hold,  accommodation,  engine 
room  near  onboard  outfitting  site. 

7)  Marshalling  Area 

Since  outfitting  materials  vary  in  size,  type,  weight, 
quality,  etc.,  a  relatively  large  area  is  required  for 
effective  palletizing.  The  area  should  be  as.  close  to 
both  warehouse-and  outfitting  area  as  possible.  If  im¬ 
possible,  it  should  be  close  to  the  warehouse.  Fig.  2-2  5 
also  shows  the  area  used  in  IHI  Kure  Shipyard. 

8)  Facilities 

The  marshalling  area  is  provided  with  cranes  with  light 
lifting  capacity  and  rapid  travelling  speed.  Also,  con¬ 
siderable  number  of  fork  lifts  or  pallet  carriers  are 
required.  Fig.  2-25  shows  the  crane  and  carrier  used  in 
IHI  Kure  Shipyard. 
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Following  three  chapters  introduce  the  IHI's  standards  related, 
to  Palletization; 

CHAPTER  III  ZONING  AND  SYMBOL  MARK 

CHAPTER  IV  ML  (F)  AND  FORM  OF  MLF-NO .  (GENERAL) 

CHAPTER  V  CODING  GUIDANCE  OF  MLF-NO.  (MACHINERY  PART) 
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CHAPTER  III-  ZONING  AND  SYMBOL  MARK 


1.  Composition  of  Zone  Symbol 


1 . 1  Level  A 

Level  A  defines  the  zones  of  the  first  level  re-presenting 
the  outfitting  part  or  structure  of  a  ship,  such. as  upper 
deck,  shell,  fore  section,  machinery  space,  living  quarters, 
pump  room,  etc.  The  initial  letter  (English),  of  each  zone 
is  usually  used  as  the  symbol  mark. 

1.2  Level  B 

Level  B  defines  the  subdivision,  of  Level  A. 

There  are  two  types  in  zones  of  Level  B,  i.e.,  general  zone 
and  special  zone. 

A  special  zone  is  a  zone  whose  location  is  changeable  due  to 
owner's  requirement  of  design  improvement. 

A  general-zone  is  a  zone  other  than  the  special  zone.  A 
general  zone  is  given  a  sequential  number  as  its  symbol  to. 
show  its  fore-aft  location  in  the  zone  of  Level  A  and  a 
special  zone  its  initial  letter. 
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1 .3  Level-C 

Level  C  is  the  subdivision  of  Level  B  and  defines  the  location 
in  the  zone  of  Level  B. 

The  following  five  types  (symbols)  0f  zone  are  at  Level  C. 


P  . Port  side 

s  .  Starboard  side 

C  .  Center 

F  .  Foreside 

A  .  Aft  side 


In  case  there  are  two  or  more  special  zones  with  the  same 
name,  a  sequential  number  shall  be  assigned  for  Level  C,  and 
in  case  of  only  one  special  zone  for.  one  name,  an  alphabetical 
letter  to  give  some-significance  to  its  superior  zone  of 
Level  B  may  be  placed  in  the  column  of  Level  C. 


1.4  Examples 

a)  General  zone 

Level  A 

Level  B 

Level 

u 

2 

P 

Upper-deck 

Second  from  fore 

Port  side 

b)  Special  zone 

Level  A 

Level  B 

Level  C 

L 

F 

s 

Living  accommodation  Fan  room 

Starboard  side 
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2.  Zones  and  Symbols  of  Level  A 

2 . 1  Fore  part  “  F” 

All  zones  forward  of  the  aft  bulkhead  of  the  fore  peak  tank 
except  shell  plate. 

2.2  Shell  Plates  "S" 

All  hull  shell  plate.  This  zone  is  used  for  outfitting  of 
sea  chests,  cathodic  protection,  zincs,  marks  (draft  marks, 
etc.)  on  the  shell  plates. 

2.3  Upper  Deck  "U" 

Upper  deck  between  the  aft  bulkhead  of  fore  peak  tank  and 
fore  end  of  accommodation  superstructure. 


2.4  Aft  Part  "A" 

All  zones  aft  of  the  aft  end  bulkhead  of  engine  room  except 
shell  plates. 

2.5  Weather  Part  of  Accommodation  "W" 

Weather  part  of  all  accommodations  including  upper  deck  side 
by  the  acdommodation  and  engine  casing;  the  top  and  wall  of 
engine  casing  are  not  included  in  "W" . 
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2.6  Weather  Part  of  Engine  Casing  "E" 

Weather  part  of  the  top  and  wall  of  engine  casing. 

2.7  (Living)  Accommodation~"L" 

All  inside  zones  of  the  accommodation. 

2.8  Machinery  Room  "M"  . 

Machinery  (main  engine)  room,  all  inner  zones  of  engine 
casing  and  funnel. 

Emergency  generator  room  and  inert  gas  fan  room  side  by  the 
engine  casing,  if  any,  are  included  in  "M" .  Stores,  recrea¬ 
tion  room,  pool,  etc.,  side  by  the  engine  casing  are  included 

in  “E”. 

2.9  Pump  Room  "P" 

All  inside  zones  of  pump  room  including  the  entrance. 

2.10  Hold  Part 

a)  Tanker . "T". 

All  inside  zones  of  cargo  tanks  and  slop  tanks. 


b)  B/C,  O/C,  P/C 

1)  Wing  tank,  slop  tank  .  "T" 

2)  Cargo  hold . "H" 
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3)  ’  Double  bottom  tank  and  duct  keel . "  B 

c)  Container  ship 

1)  Side  tank  .  T 

2)  Cargo  hold  1 .  H 

.4.11  Double  Bottom  "B" 

Zones  in  double  bottom. 

2.12  Overall  "Z" 

Zones  relating  to  all  parts  of  the  ship. 


i.  nuL  jl  j-j 


All  shell  pistes  :  S 


Weather  part:  of  ACC . 


3.  Zones  and  Synbols  of  level  3  ?nd  C 


3.1  'Pore  part  "f" 


3.2  Shell  plates  "S"‘ 


n 

5 

B 

— 

6 

C 

Heaarhs 

Relevant 

parts 

AT.T.  STT«rr.T.  PT.WES  - 

S' 

B 

B 

To  be  used  for  out¬ 
fitting  of  sea  chestj 
anode,  narks,  bottom  . 

x  pings  etc.  If  level  C 

is  not  necessary  col. 

6  of  HEP-Eo.-  shall  be 

filled  with  hyphen 

• 

-  _ ' 

•D 

E 

• 

1 

POKE  "PATyp 

a 

F 

SB 

B 

■ 

PAHALLETj  PAST  (B) 

B 

■ 

' 

PASS  LIST,,  PAST  (H) 

H 

i 

MACHnCSSY  PAST 

M 

■ 

*. 

-APT  -PAET 

' 

A 

i 

“PUMP  POOH 

■ 

■ 

c 


5 


I 


3.3  '  Upper  Deck  "U”  v 


1~9  P.S.C  Level  3  is  numbered  in  ! 
U^2  <*rder  of  1-9,  U-Z,  A,  B 

from  fore  to  aft  corre- 
A  ,  B  spondin.g  to  the  arrange^- 

ment  of  tanks  and  holdsL 


HYDRO  PUMP  ROOM 


DECK  HOUSE 


MAS-T  HOUSE 


DERICK  POST 


LAMP  POST 


H  [  1  —  9  J  Level  C  is  numbered  1-9 
'  'from  fore ‘to  aft  and 
from  S  to  P. . 


COi  ROOM 


Zone 


:*r 


PAG 


I 

•  3*5  Weather  part  of  accomodation  and  engine  casing  "W",  "S' 


4 

OB 

Berazks 

IB 

■  c 

ALL  ZONES  .  -  •  ••_ 

vr 

B 

P.S.C 

AJ- 

1*  Level  3  :  Tier 

2.  Level  C  :  Location 

3.  :  All  zone  at 

the  superior 
level  •* 

1ST  TIER 

1 

1 

B 

1 

1 

.5  ' 

1 

■ 

.5 

1 

1 

7TE  TIER 

1 

1 

B 

1 

I 

RADER  MAST 

1 

I 

R 

M 

Levelc is  not  identified 
bj  P.S.C. 

ALL  ZONE  OP  ENGINE 
CASING 

E 

B 

p.ac 

AS— 

1.  Level  B  :  Tier’ 

2.  Level  C  :  Location  . 

3.  :  All  zone  at 

the  superior 
level. 

1ST  TIER  V 

1 

■ 

B 

■ 

1 

- .  ••  s 

5 

_  7TS-TISR  .  .  • 

B 

B 

1 

■ 
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ALL  ZONES 

1ST  TIER 

l 

« « 

ITS  TIER 

EeassScs 


!iF’Ci  1.  Level  B  :  Tier 
I  2*.  Level  C  :  Location 


Relevant 

parts 


BATTERY  ROOM _ 

OAft$0  CARE  ROOM 

CARSO  OIL  CO.NT  ROOM 

CO;  GAS  -ROOM _ 

ENGINE  CO N T  ROOM  j 

EMEKG  GEN  ROOM 
FAN  -ROOM  •  '  - 

(TTOTT,.  TFPRMQ  «T».^ 

FOAM  TANK  ROOM  | 

GALLEY  ,  PANTRY  j 

GYRO  ROOM _ [_ 

HYDRAULIK  P.ROOMj 
INERT  GAS  ROOM  j 

INNER  PASSAGE 
REF.  MA CI1 .  ROOM  j. 

RADIO  ROOM _ | 

REF  CHAMBER _ j 

WORK  B  LlOP  I 


ELEVATOR  SPACE 


DUMB-WAITER  SPACE 


EX.  .  (plan) 

150,000  ~250, 000  LWE 
split  casing 
l.I.P 

t.!.C  -L7.C 

t.t.S  -L.7.S 


j  j  3.  :  All  zone  at 

~ — j  the  superior 

i  level 


-r —  1.  Level  -B  ■:  Synbols  i 

J _  ■  identify  special 

|  zones 

|  2.  Level  C  :  Location 

|  3*  M-«  :  All  zone- at 

T"~"  the  superior 

J —  ievel  . 


mm 

E- 

L 

Not  identified  by  P.S.i 

D 

W 

— 

15,000^-25,000  LWT 

maJ  I  J-U.T  Il4-  I 


■  60,000  WS 

1^2  tier  5~A  tier  5^6 tier 

L.biifj  rrp  — 7] 

\\n  UM?  -  — ; —  1.5- 

l.Ttr  L.3.S  -  , 


5 

B 


6 

C~ 


Remarks 


3.7  Machinery  ro'oa  "M1* 


.MAIN  FLOOR  (UNDER 
GRATING  in cl.  GRT’G) 

M 

BKSH 

11  mm 

—  «3 

LOWER  ENG"  FLAT*" 

■ 

■ 

.  3 

I  ~6 
PS- 

UPPER  ENG  FLAT ■ 

■ 

4 

m\ 

ENGINE  CASING  (INSIDE) 

■ 

■ 

5 

Ten 

INERT  GAS  FAN  ROOM 

1 

■ 

5 

5 

EMERG  GEN  ROOM 

■ 

■ 

5 

6 

■ 

■ 

6 

AROUND  M/S  AFTER  ERECTION 
~  1 

B 

DIESEL  OIL  TANK 

D 

ENGINE  COST  ROOM 

C 

R 

FUEL  OIL  TANK 

F- 

P.S.C 

JF  .0 .  S  ETT-  TANK 

S 

P.S.C 

WORK.  SHOP 

W 

S 

ELEVATOR  SPACE 

E  ’ 

Bl 

DISTILLED  WATER  TANK 

i 

n 

P.S.C 

1.  Level  3  shows  flats  or 
decks  in.  the  engine  ro 
In  special  zones,  leve 
3  is  a  significant 
alphabetical,  letter. 


2.  Level  C  defines  P  or  S 
Odd  ntsaber  (1,3 ,5*0mea 
S  and  even  number  P. 
Eyen  means  all  are 
■in  the  superior  none 
level. 


5.  Special  examples  • 

(1)  HIP  ...  -11  port3id 


none  of  mai 
floor 


(2)  Ml-....  HI  area  of 
main  floor 


(3)  Grouping  of  two  non 


M51  +  H52  =  Hpl 
(l-Ipl  represents  the 
two  zones) 


Mil  M21  =  H21 
(H21  'represents  the 
two  nones) 


MAIN  FLOOR 
(UNDER  GR AIH7G)' 


LOWE??  ENG .  FLAT 
(UPP  ENG. FLAT) 


-srr 

1 

““ST" 

M2) 

r 

71 

31 

r2i 

—f‘ 13  1 

>C£i2-. 

ENGINE  CAS  IN G- 

rrr] 


54 

5? 

53 

51 

1S5J 


MILS'  FLOOR  (DIESEL  ENGINE)  HALS'  FLOOR  .  (TURBINS-  ENGINE 

(ABOVE  GRATING)  25:  COOLER  FLAT  I  (A3C7E  GRATING) 
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3.8  Pimp  rooa  and  Tank  part  .of  danker  nT" 


PAGE  : 


3.9  Parallel  part  of  B/C,  0/0,  0/3  and  Cargo  Ship 


- - - 

■Zone 

*4 

A 

5 

_  -2 

6 

c  ■ 

Serarka 

UPPER.  WING  TABS 

cs 

" 

Level  B  to  be  numbered  in 
order  of  1-9,  U-Z,  A,  3 
from  fore  to  aft  correspor 
ding  to  tank  arrangement. 

SLOP  IAKK 

B 

S. 

* 

» 

CARGO  BOLD 

* 

H 

1 

1.  level  3:  Held  Bo,  fron 
fore  to  aft 

2*  Level  C:  See  "sketches 
below 

• 

■ 

DOUBLE  BOTTOH 

' 

B 

1  —  9 

D- — Z 
A  ,  B 

PCS 

1.  Level  B  to  be  numbered 
•  in  order  of  1-9,  Tt-2, 

A,  B  from  fore  to  aft 
corresponding  to 
arrangement  of  tanks 
and  duct  keel, 

2,  C  of  level  C  means  ■ 
duct  keel. 

K53. 
HSI 
H52. 


H4I 

iA _ t 


T 


7  ' 

H3I 

\ _ 4A 


H24'X  / 
H23. 

H  2 ! 
h:2 


Hll 


s 


P 

5 


CARGO  SHIP 


cs.5.  r 

C 

s 


5 


fi 


5*.l0  Parallel  Part  of  Container-  Ship 


— 

•  4 

5 

!> 

6 

^ — ^Levei 

Zone 

A 

B 

C 

SIDS  1UJK.  '  " 

1 

■  ■ 

P.S.C 

level  B  to  he  numbered 
in  order-of  l-9,~^-Zr  A, 

B  from  fore  to  aft 
correspond ing  to  hold 
arranger  ent. 

CARGO  (coeiahsr)  HOLD 

R 

1  —  9 

U—Z 
A  »  B 

H 

Level.  3  :  Eol<z  So.  from 
fore  to  aft 

Level  C  :  See  sketches 
below 

D0T3EEE  BOTTOM 

■  •  J  •  w 

B 

1~9 

0~Z 

A  ,  B 

P  .  S 

Level  3  to  be  numbered 
in  order  of  1-9,  T>-Zt  A, 

3  from  fore  to  aft 
correspond:  rg  to  hold 
arrangement. 

H‘4  '  ..HI 3  .  f1  - _ ,HZ2  r*12 


i 

jH43  S44 

1 

1 

* 

'  jK13  HI4 

H4I 

H3i 

H2i 

Hii 

Ba.r  e.i.p 


m 

3 

■HU 

I 

M 

1 II  IB  IE  Pi 

3.11  Overall  Zone  nZ"  -  — ' 


3.12  Zoning  for  31 ec trie  Outfitting 


For  electric  outfitting,  the  inside  of  engine  rooa 
and  acconmodation  is  zoned  as  follows. 


— - — 1 — 

t  ^ 

5 

6 

Remarks 

Zone 

A 

B 

C 

MA IK  FLOOR 

M 

2 

IS 

1.  Zoning  to  be  as  ezasroli 
below. 

2.  W-M .  means  who!  e.  flat. 

5*  Main  floor  includes  it; 
•  upper  and  lower  sides. 

4*  Inside  of  engine  mag-fn. 
is  not  devided  down  to 
level  C. 

LOWER  ENG.  FLAT  • 

1 

i 

3 

1 

■ 

UPPER  ENG.  FLAT 

1 

■ 

B 

1 

i 

M/2  &  ITS  "VICINITY 

l 

B 

B 

ENGINE  CASING  “ 

(combined  wee H  ACC) 

1 

■ 

5 

B 

ENGINE  CASING 
(SPLIT  TIPS) 

1 

i 

5 

3 

1ST.  TTcra  OF 
ACCOMMODATION  ■ 

n 

B 

m 

1.  Zoning  to  be  as  exampl* 
below. 

2.  tt-n  neaas  whole  tiers. 

l 

i 

■ 

5 

i 

I 

7TE  SHE.  OF  . 
ACCOMMODATION 

i 

7 

i 
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CHAPTER  IV  -  ML (F)  AND  FORM  OF  MLF-NO .  IN  IHI 

1.  Definition  of  ML(F) 

ML(F)  is  literally  Material  List  for  Pallet  (Fitting)  and  one  ML(F) 
corresponds  to  one  pallet.  The  significance  of  ML (F)  is  detailed 
as  follows: 

1.1  A  ML(F)  contains  the  following  information: 

1)  List  of  all  materials  to  be  prepared  and  fitted  in  a  pallet 

with  their  specifications,  weight,  quantity,  piece  number, 
painting  schedule,  etc. 

2)  Job  guidance  for  outfitting  work  such  as  "zone"  or  trade 

identification . 

3)  Production  control  data  such  as  total  weight  of  the,  mate¬ 

rials  in  the  pallet  for  resources  allocation,  stage 
identification,  etc. 

4)  Outfitting  scheduling  data  such  as  starting  date  of  the 

job,  etc. 

1.2  Coding  foreach  item  of  information  contained  in  ML(F)  is 
stipulated  by  respective  coding  standard  of  IHI  (i.e.  piece 
numbering,  staging  of  outfitting  work,  zoning,  etc.). 
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1.3  Each  ML(F)  has  MLF-No.,  meaning  respective  pallet  -No. 

This  MLF-No.  implies  stage,  trade,  schedule  and  sequence  of 
outfitting  work  in  the  pallet,  which  allows  planning,  schedul¬ 
ing  and  controlling  of  outfitting  work  by  the  Production 
Department,  as  well  as  allowing  scheduling  the  issue  of  draw¬ 
ings  by  the  Design  Department  and  controlling  or  chasing 
receipt  of  purchased  materials  by  the  warehouse. 

1.4.  One  pallet  (MLF)  shall  be  made  for  one  work  package. 

The  quantity  of  materials  in  one  work  package  (pallet)  shall 
be  decided  'so  as  to  be  easily  handled  or  controlled  by  the 
available  resources,  but  all  materials  in  a  pallet  zone  or 
for  a  unit  must  be  listed  in  the  ML(F). 
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2.  Breakdown  of.  Outfitting  Work  and  MLF-No. 

In  IHI ,  a  ship  is  divided  into  four  outfitting  parts: 

1)  Hull  part  other  than  accommodation 
2  )  Accommodation  part 

3)  Machinery  part  (main  engine  room) 

4)  Electrical  part 

Further,  outfitting  for  each  part  is  grouped  into  one  of  the  follow¬ 
ing  five  stages: 

1)  Piece  outfitting  on-block 

2)  Unit  outfitting  on-block  (an  assembled  unit  to  be  installed 
on  block) 

3)  Machinery  unit  outfitting  both  on-block  and  onboard  (a  machin¬ 
ery  unit  =  a  unit  assembled  with  a  machine  or  machinery  such 
as  a  pump  or  motor,  etc.,  and  in  most  cases  used  in  the  ma¬ 
chinery  part) ; 

4  )Unit  outfitting  onboard 

5)  Piece  outfitting  onboard 

For  each  ML ( F ) ,  a  MLF-No.  is  assigned  identification  to  imply  such 
information  as  type  of  ML(F),  outfitting  part,  zone,  hull  block, 
outfitting  stage,  trade,  or  sequence  of  outfitting  work,  etc. 

A  MIF-No.  consists  of  ten  (10)  columns  which  are  a  significant 
combination  of  alphabetical  letters  and  numerical  numbers  implying 


each  item  of  information  mentioned  above  and  as  detailed  hereunder. 
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3.  Basic  Form  of  MLF-No.  (common  for  all  parts)  ■ 

3.1  Basic  Form 

1)  Outfitting  on-block 

2  3  4  5.6  7  8 

■» 


2)  Unit  outfitting  on-block 
Col.  1  2  3  4  5  6 


B  ! 

Part 

X  . 
or 

i 

Y 

PAGE 


3)  Machinery  unit  outfitting  on-block  and  onboard 
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3.2  Definition  by  Column  of  MLF-NO. 

1)  Column  1  (Type’ of  ML(F)) 

This  column  signifies  type  of  the  ML(F)  as  follows: 

T  .  ML(F)  for  piece  outfitting 

B  .  ML(F)  for  unit  outfitting 

2)  Column  2  (Outfitting  part) 

This  column  shows  the  outfitting  part  where  the  pallet 
is  installed. 

"  2  "  . Hull  part  other  than  accommodation 

II  II 

3  .  Accommodation  part 

II  II 

4  . Machinery  part 

II  II 

5  .  Electrical  part 

3)  Column  3  (Outfitting  stage) 

This  column  shows  the  detailed  outfitting  stage  at  which 
the  pallet-is  outfitted  as  follows: 

(1)  Piece  outfitting  on-block 

Hull  block  stage  symbolized  by  an  alphabetical  letter 
at  which  the  pallet  is  to  be  outfitted.  Symbols  of 
stages  are  given  by  another  standard. 

Example : 

s  .  Sub-assembly  stage 

"  A  "  . Assembly  stage 

" B  "  .  Back-assembly  stage  (turned  over) 
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(2)  Unit  outfitting  on-block 

"X"  signifies  a  unit  which  is  installed  on-block 
without  being  assembled  into  a  large  unit. 

"Y"  means  a  large  unit  to  be  installed  on-block 
which  consists  of  one  or  more  units  of  "X"  level 
anti/or  other  materials. 


(3)  Machinery  unit  outfitting 

x  " :  A  unit  which  is  installed  on-block  or  directly 
onboard  without  being  assembled  into  a  large 
unit . 

x  A  large  unit  to  be  installed  on-block  or 

directly  onboard  which  consists  of  one  or  mo 
units  of  "X"  level  and/or  other  materials. 


(4)  Unit  outfitting  onboard 

"  x  A  unit  to  be  installed  onboard  without  being 
assembled  into  a  large  unit. 

Y  :  A  large  unit  to  be  installed  onboard  which 
consists  of  one  or  more  units  of  "X"  level 
and/or  other  materials. 


(5)  Piece  outfitting,  onboard 

"x"  :  Work  stage  standard  (general) 

ii  ii 

Y  .  Accommodation  oufitting  atgrand  block  stage 
before  erection  (pre-erection  stage)  and  ma¬ 
chinery  outfitting "srage  for  grand  engine 
casing  block  before  erection.. 
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4)  Columns  4-9 

These  columns  signify  the  hull  block,  machinery  number 
representing  the  unit  or  zone  in  a  ship  as  follows: 

(1)  piece  outfitting  on-block- 

Name  of  the  hull  block  on  which  the  pallet  is  out¬ 
fitted.  "  Naming  of  hull  block  is  stipulated  by  other 
standard. . 

(2)  Unit  outfitting  on-block 
Same  as(l)  above. 

(3)  Machinery  unit  outfitting  on-block  and  onboard 

Columns  4-6:  Machinery  number  which  represents 
the  unit.  Numbering  of  machinery 
is  given  by  other  standard, 
columns. 7  -  9:  Hyphen  (fixed). 

Note:  To  be  applied  to,  in  most  cases,  machinery 

part. 

(4)  Unit  outfitting  onboard 

Columns  4-6:  Name  of  zone  where  the  pallet  is 
outfitted . 

Zoning  is  to  be  referred  to  other 
standard  (Chapter  VII) . 
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Columns  7-8:  Name  of  the  unit. 

Detailed  naming  is  given  by  the 
respective  MLF-coding  guidance  for 
each  part. 

column  9  :  Hyphen  (fixed) 

(5)  Piece  outfitting  onboard 

columns  4-6:  Name  of  zone  where  the  pallet  is 
outfitted. 

columns  7-8:  Name  of  the  pallet.. 

Column  7  .  .  .  Trade  of  the  work  based 
on  kinds  of  fittings. 
Column  8  .  .  .  .  Sub-trade  or  sequence 
of  the  work. 

Detailed  naming  is  given  by  the 
respective  MLF-coding  guidance  for 
each  part. 

Column  9  :  Hyphen  (fixed) 

5)  Column  10  (Sub-divsion) 

Usually,  palletization  is  so  determined  as  to  compile  all 
outfitting  materials  for  one  assembly  block,  zone  in  the 
ship  or  a  unit  into  one  pallet,  and  the  pallet  number,  or 
MLF-No.,  is  allocated  at  the  planning  stage  of  ship  con¬ 
struction  when  complete  composite  drawings  for  outfitting 
or  palletization  are  not  available,  and  it  could  happen 
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that  materials  in  a  certain  pallet  zone  or  unit  are  too 
numerous  to  be  compiled  in  the  allocated  pallet  in  terms 
of  resources  available  or  fitting  weight  when  the  design 
progresses  further.  In  such  cases,  the  pallet  is  sub¬ 
divided  further  by  giving  a  seguential  number  or  signifi¬ 
cant  alphabetical  letter  in  column  10  for  identification. 

Column. 10  IS  a  I  S  0  used  for  identification  of  detailed 
assembly  stage  or  a  group  of  fittings  in  tune  electrical 
part . 

Details  of  sub-division  are  given  respectively  for  each 
part  by  the  guidance  of  MLF-No. 
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CHAPTER  V-  CODING  GUIDANCE  OF  MLF  NO.  (MACHINERY  PART) 


As  an  example  of  MLF-coding  outlined  in  the  praceding  chapter,  coding 
guidance  for  MLF-No.  for  machinery  part  is  introduced  herein. 


1.  Piece  Outfitting  On-block 

Example:  1  2  3  4  5  6  7  ‘  8  9  10 


T 

4  A 

2  j  D  -  3  1  P  -  0  | 

i 

1  Type 

Part«odl 

isub-  i 

Brock  Name  !divi-| 

1  i - 

usiou 

1  ‘  1 

Col 

Item 

Symbal . 

Description  •• 

l 

Type  of  MLF 

T 

: 

Fixed 

2 

part 

4 

Fixed 

3 

Block  Stage 

Symbols  defined  by  other  standard  to  be  used 

s 

Sub-assembly 

T 

Sub-assembly  (turned  over) 

M* 

Middle-assembly 

N 

-Do-  (  turned  over) 

H 

Assembly  without  shell  plate  (crate) 

A* 

Assembly  (block  assembly  before  erection) 

B* 

Back  assembly  (  turned  over) 

G 

Grand  assembly  (pre-erection) 

Note : 

Usually,  outfitting 

is  done  at  *-marked  stages. 

4-9 

Block  Name 

Alpha  & 
Numeric 

Block  name  decided  by  hull  part  to  be  used. 
The  columns  are  to  be  filled  from  column  4, 
and  rest  of  columns,  if  any,  are  to  be 
filled  with  a  hyphen. 

10 

Sub¬ 

division 

0-9 

Guidance  for  sub-division  guidance  of 
Article  6  is  to  be  referred  to. 
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2.  Unit  outfitting  On-block, 

Example:  123.  45678910 


Col  Item  symbol  Description 

1  Type,  B 

2  Part 


3  Unit  Stage  X  or  Y 


Refer  to  3.. 2. 3  (2)  of  Chapter  IV. 


4-9 


Block  Name 


Alpha  &  Same  as  columns  4-9  of  1  above. 
Numeric  Piece  outfitting  on-block. 


I 


10  Sub¬ 
division 


Block  To  be  sub-divided  by  block  stage. 

Stage 

symbol 


Note:  In  case  two  or  more  units  are  installed  on  one  block, 

assembly  sign  (A,  B,  C . or  1,  2,  3 . )  shall  be 

put  in  the  corresponding  column  of  ML(F)  for  identifica¬ 
tion  in  consideration  of  sequence  of  installation. 
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3.  Machinery-  Unit  Outfitting. 


e  : 

1 

2 

3 

4 

5  6 

7 

8 

9 

10 

B 

4 

Y 

x 

1 

9 

8 

- 

- 

0 

Type 

Part 

Unit 

S  tage 

Mach.  So. 

Hyphen 

Sub¬ 

divi¬ 

1  ! 

!■ 

sion 

Col 

Item 

Symbol 

Description 

1 

Type  c 

B 

Fixed 

2 

Part 

4 

Fixed 

3 

Unit  Stage 

x  or  Y 

Refer  to  3.2.3  (3)  of  Chapter  IV. 

4-6 

Machinery 

N  0  . 

Numeric 

Machinery  No.  is  given  by  other 
Standard. 

7-9 

Hyphen 

Fixed 

10 

sub¬ 

division 

0  -  9~ 

Sequential;  sub-division  guidance 
of  Article  6  is  to  be  referred  to. 

lliilcswajimo-Koritno  H*orf  IndoitrieJ  Ca-,Ud. 


4.  Unit  Outfitting  Onboard 


Example:  1  2345678  9  10 


B 

4 

X 

M 

1 

i  !  o 

1 

1 

- 

0 

Type 

[Unit 

Fa-rtjstage 

i- - 

Zone 

Unit 

Nunber 

Hy¬ 

phen 

Sub¬ 

divi¬ 

sion 

Col 

I  tern 

symbol 

Description 

1 

Type 

B 

Fixed 

2 

Part 

4 

Fixed 

3 

Unit  Stage 

X  or  Y 

Refer  to  3.2.3  (4)  of  Chapter  IV. 

4 

Zone 

M 

Machinery  space 

A  . 

Steering  gear  room 

5-6 

Zone  No. . 

Numeric 

Zone  numbering  is  given  by  other 
standard. 

7-8 

Unit 

Number 

01-49 

Unit  with  pipes 

50-69 

Unit  witkout  pipes 

70-89 

Unit  with  small  pipes 
(for  control  air  piping  etc.) 

■ 

Hyphen 

Fixed 

10 

Sub¬ 

division 

0  -  9 

Sequential;  Subdivision  guidance  of 
Article  6  is  to  be  referred  to. 

Iii>!ics*«jtma-Korima  K«svy  Industries  Co,,  Lid. 
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5.  Piece  Outfitting  Onboard 

.  \ 

Example:  1*2  3  4  5  6  7  8  9  10 


T 

4 

Z 

M 

1 

1 

- 

P 

- 

2 

.Type 

| 

PartiStage 

Zone 

• 

Pallet 

Name 

Hy¬ 

phen 

Sub¬ 

divi¬ 

sion 

‘ 

1  * 

— 

l 

Col 

Item 

Symbol 

Description 

1 

Type 

T 

Fixed 

2 

Part 

4 

Fixed 

3 

Stage 

Z 

Onboard  stage  (General 

K 

Outfitting  stage  on  grand  block 
(Engine  casing  outfitting  and  joiner 
fitting  in  the  engine  control  room) 

■ 

Zone 

M 

Machinery  room 

A 

Steering-gear  room 

5-6 

Zone  No. 

Numeric 

Zone  numbering  is  given  by  other 
standard. 

7-8 

Pallet 

Name 

Alpha 

.3y  combination  of  columns  7  and  8 
pallet  name  is  difined  as  detailed 
below 

9 

Hyphen 

- 

Fixed 

10 

Sub-  ■ 
division 

0-9 

Sequential;  Subdivision  guidance  of 
Article-  7  is  to  be  referred  to. 

Ukik*w»j]mo-Hcrimtf  H*ory  Industrial  Co.rltd. 


Pallet  Name 


C01 . 7 

C01 . 8 

Description  (Trade  &  Fitting) 

P 

Piping  (including  miscellaneous  tanks) 

P 

A 

Piping  at  "Blue  sky"  stage* 

P 

- 

Other  pipings 

*  "Blue  sky". stage  is  the  stage  immediately 
after  erection  of  a  certain  block  at  which 
the  overhead  block  is  not  yet  erected  and  the 
zone  is  opened  to  the  atmosphere. 

c 

Control  and  automation  system 

c 

A 

Fitting  or  units  at  "Blue  Sky"  stage 

c 

Fittings 

K 

Traffic  system 

K 

A 

Traffic  fittings  at  "Blue  sky"  stage 

K 

Other  traffic  fittings 

G 

Machining  and  adjusting 

G 

A 

Auxiliary  machinery  at  "Blue  sky"  stage 

G 

S 

Sea  chests 

G 

R 

Handle  lock  for  valves 

G 

w 

Wiring  system 

G 

D 

Damper  controllers 

G 

E 

Remote-operated  closing  devices 

G 

B 

Pipe-bonding  strips 

!;iifc<n*«iimo-Horiraa  K*ary  Industries  Cs.,U£, 
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C01 . 7 

Col.  8 

Description  (Trade  &  Fitting) 

G 

V 

Distance  pieces  (pipes)  for  ship  side  valves 

G 

T 

Tank  fittings 

G 

H 

Extension  spindles  for  valves 

G 

L 

Liners  for  auxiliary  machinery 

G 

Z 

Others 

I 

Insulation 

I 

E 

Funnel 

I 

M 

Main  exhaust  pipes 

I 

S 

Ventilation  trunks 

I 

u 

Upper  deck 

I 

p 

Pipings 

I 

T 

Tanks 

T 

Steelwork  (ventilation  trunks) 

T 

A 

Ventilation  trunks  at  "Blue  sky"  stage 

T 

Other  ventilation  trunks 

F 

Steelwork  (foundation  seats) 

F 

A 

General  foundation  seats  at  "Blue  sky"  stage, 
seat  units  and  spare  parts  units 

F 

X 

Seats  for  spare  parts  . 

F 

Other  seats  . 

u 

Steelwork  (funnel,  part) 

U 

E 

Stack  (uptake  for  boilers) 

u 

S 

Supply  air  duct  for  boiler  (or  M/E) 

u 

H 

Main  engine  exhaust  gas  pipe 

It4iic»wnjim»-H»rim«  H*«ry  Cc^llA. 
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Col.  8 

Description  (Trade  &  Fitting) 

X 

Spare  parts,  accessories 

X 

A 

Spare  parts  and  accessories  at  "Blue  sky"  stage 

X 

Other  spare  parts  and  accessories 

E 

Main  engine 

E 

D 

Diesel  main  engine 

E 

H 

High  pressure  turbine 

E 

L 

Low  pressure  turbine 

E 

R 

Reduction  gear 

E 

T 

Thrust  bearing 

E 

c 

Main  condenser 

B 

Boiler 

B 

B 

Boiler 

B 

H 

Gas  air  heater 

B 

c 

A.C.C.  (Auto-Combustion  Control) 

B 

s 

Soot  blower 

B 

F  . 

F.W.C.  (Fresh  Water  Cooler) 

B 

G 

Gauge  panel 

B 

I 

Smoke  indicator 

B 

N 

Burner-and  related  parts 

B 

E 

Exhaust  gas  economizer 

B 

L 

Double  evaporation  boiler 

B 

D 

Separator  drum 

fefcikawirfrmaNHonras  Hrary  Jru»ujfri«s  Co.rUd. 
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Col.  7 

col .  8 

Description  (Trade  &  Fitting) 

A 

Auxiliary  machinery" 

A. 

T 

T/G  (Turbo-Generator) 

A 

D 

D/G  (Diesel  Generator) 

A 

c 

C.O.P.T.  &  B.W.P.T.  (Cargo  Oil  Pump  Turbine  & 
Ballast  Water  Pump  Turbine) 

A 

E 

Emergency  generator 

A 

F 

Emergency  fire  pump 

A 

s 

Steering  gear 

A 

R 

Rudder 

J 

Propeller-shaft 

J 

s 

Spare  propeller  shaft 

J 

P 

Propeller,  propeller  fastening  devices 

J 

I 

Intermediate  shaft 

J 

T 

Propeller  shaft 

J 

B 

Intermediate  shaft  bearing,  (including  thrust 
bearing,  aftmost  bearing,  overhang  bearing) 

J 

E 

sealings  and  washers 

J 

D 

Stern  bearing  (tube),  lignum  vitae,  cutless 
o  earing 

J 

R 

Revolution  meter  and  shaft  grounding  device 

J 

Y 

Spare  propeller 

J 

J 

Bulkhead  stuffings 

IxJiikawcfimi-Herime  Haory  IrxJtrjtrUj  Co^Ui- 
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C01 . 7 

C01 . 8 

Description  (Trade  &  Fitting) 

z 

Miscellaneous  . 

z 

N 

Marking  tapes,  name  plates  for  valves,  caution 
plates 

z 

T 

Thermometers  and  their  cases 

z 

H 

Skylights,  hatches 

z 

c 

Covers  for  fly-wheel  and  couplings 

z 

B 

Stowage  boxes  for  chain  blocks 

z 

D 

Doors  (except  for  shaft  tunnel),  wire  nets 

z 

E 

Eye  plates 

z 

M 

Bolts  &  gaskets  for  manholes 

D 

Joiner  work  in  engine  control  room  and  workshop 

D 

T 

Fitting  pieces  for  joiner 

D 

M 

Joiner  fittings 

D 

X 

Furnitures 

D 

D 

Deck  covering 

D 

I 

Insulation 

Z 

Fitting  (welding)  of  materials  temporarily  in¬ 
stalled  at  preceding  stages  (pallet  for  fitting 
work  and  not  for  preparation  of  materials) 

igaikoocjime-Korimc  H*avy  lndcstri»»  C~.,Ui. 
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6.  Guidance  for  Sub-division  of  a  Pallet  on  Piece  Outfitting  On-block 
and  Unit  Outfitting 

6 . 1  General 

a)  No  sub-division  is  applied  to  apallet  of  machiner] , 
steel  fittings  (gratings;  handrails,  etc.)  and  pipe 
fittings  (valves,  filters,  etc.). 

b)  A  pallet  for  pipes  may  be  so  sub-divided  as  to  group 
about  30  pieces  of  pipe  in  each  sub-division. 

c)  When  the  joiner  fitting  in  the  engine  control  room  and 
workshop  is  carried  out  on-block  (grand  block)  the  ML(F) 
shall  be  numbered  according  to  the  numbering  system  for 
piece  outfitting  onboard.  In  Such  a  Case,  Column  3  Of 
MLF-No.  shall  be  "K"  and  sub-division  shall  be  made  same 
es  piece  outfitting  onboard. 

d)  Outfitting  of  steering  gear  by  unit  is  made  as  detailed 


herein . 
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6.2  Sub-division  Guidance  (Except  Steering  Gear  Unit) 


Col.  1  0 

Description 

0 

a)  Auxiliary  machinery,  valves,  joint  pieces,  eye  plates 

(except,  stock  materials). 

Spectacle  flanges l=pansion  joints,  special  gaskets 

&  bolts,  foundation  seats  for  auxiliary  machinery,  sup¬ 
ports  for  gratings  and  floor  plates,  pipe  bands  (exclu- 

didng  stocked  ones) ,  penetration  pieces,  manholes, 

scupper  washer,  grids  for  seachests,  coatings  (exclu¬ 
ding  stocked  ones),  tanks,  window  sashs  of  control  room, 

remote-operated  closing  devices,  doors,  ventilation 

trunks,  air  passages  in  funnel,  gratings,  ladders, vi¬ 
bration,  absorbers,  spring  hangers,  trolleys,  zinc 

plates  in  seachests. 

b) All  fittings  installed  at  block  stage  "H"  by  hull 

construction  dept  such  as  bottom  plugs,  safety  gratings5 

for  holes,  eye  plates  for  lifting  propeller. 

c )  p  i  p  e  s 

1-7 

Pipes 

8 

Insulation  materials 

9 

Spare  number 

IiiiiiinraHHevKrWF**  H»«tt  IWistrio  C*.,ltd. 
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6.3  Sub-division  Guidance  for  Steering  Gear  Unrt 


Col.  1  0 

Descri  pti  on 

l 

Tiller,  carrier  key,  tiller  key 

2 

Weld  liners 

3 

Common  bed,  chock  liners,  foundation  bolts,  side 

stoppers 

4 

Steering  gear,  accessories 

5 

Rudder  carrier,  foundation  bolts,  side  stopper,  be( 

6 

Electric  parts 

ltJiik«w«[imo-Karima  K*«ry  Inausiriti  Cs.,U£ 
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7.  Guidance  for  Subdivision'  for  Piece  Outfitting  Onboard 

7 . 1  Piping . "P  " 

1)  General 

(1)  subdivision  shall  be  made  in  order  of  fitting  work 

of  each  material. 

(2)  Workload  shall  be  leveled  appropriately  for  one 

pallet . 

(3)  Number. of  pipes  in  one  pallet  shall  be  about-30 
excluding  make-up  pipes,  but  pallet  weight  shall 
include  all  pipes. 

(4)  Pipe  fitting  pieces  such  as  supports,  bands,  boks, 
etc.,  shall  be  included  in  the  pallet  of  correspond¬ 
ing  pipes. 

(5)  Make-up  pipes  (short  pipes  to  connect  the  corre- 
spending  pipes  (of  same  system)  of  two  adjacent 
pallets,  and  dimensions  of  which  are  decided  after 
installation  of  the  two  pallets),  shall  be  included 
in  eithex  one  of  the  pallets. 


Pallet  A  !  -Pallet  B 


Isiikatufimo-Hcrimu  Hear?  industrial  Co., Ltd. 


PAGE 


(6)  Materials  to  be  included  in  the  pallet  as  the  "blue 
sky"  stage  shall  be  those  with  weights  over  30  kg 
each  and  suitable  for  "blue  sky"  fitting.  some 
materials  with  weight  less  than  30  kg  may  be  in¬ 
stalled  at  the  "blue  sky"  stage,  if  convenience. 

(7)  Some  materials  to  be  installed  at  the  "blue  sky" 
stage  in  a  certain  zone  whose  installation  date  is 
different  from  others,  may  be  grouped  separately 
by  applying  subdivision. 

(8)  Spring  hangers,  vibration  absorbers  (including 
fitting  stands  and  seats)  shall  be  grouped  into 
subdivision  9. 

(9)  L.  0.  piping  for  the  stern  tube  shall  be  installed. ed 
at  the  "blue  sky"  stage. 


lifcilcowaiimo'Ksrim*  Hn»y  IrwuitrUs  Cc.rlti£. 
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2)  Subdivision  guidance 


Col.  7.8 

Col.  10 

Description 

Remarks 

PA 

0 

No  subdivision 

(one  pallet) 

Detailed 

materials 

CT'i 

1 

i — 1 

Sequential  for 

two  or  more 

pallets 

to  be  same  as 

P- 

0 

1-8 

9 

No  subdivision 

with  pipes  less 

than  30  pieces 

Sequential ; 

pipes,  valves, 

joint  pieces, 

expansion  joints, 

rose  boxes,  pipe 

bands,  blind 

flanges,  small 

tanks,  L .  0 . 

pipes  for  seal¬ 
ing  of  stern 

tube,  sounding 

head  valve,  saw 

dust  supplier. 

Spring  hanger, 

vibration 

absorber 

liiiksnoi«jiiM*-K*rir:c  K*«tt  Wnfriti  Cfc^Lli. 
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7.2  Control  and  Automation  System . "C" 


Col.  7.8 

Col.  1  0 

Description 

Remarks 

CA 

0 

1-9 

No  division 

Sequential 

*  A  pallet  is  to 
made  for  each 
flat 

c- 

1 

Control  &  automation 
equipment  &  foundation 
seats;  gauge  panels  (with 
fitting  pieces) ,  gauges, 
transmitters,  limit 
switches,  controllers, 
pressure  Switches,  mano¬ 
meters,  air  purge  unit, 
solenoid  valve  panels, 
seats  for  panels,  meters 
and  their  seats,  pressure 
control  system  for  L.  0. 
for  stern  tube. 

-2 

Pipes  and  pipe  fittings; 

.  pipes  (10  mm  in  dia.  or 
less),  pipe  joints, 
valves  (100  or  less), 

pressure  reducing  valves, 
3-way  valves  ,  pipe  guards, 
special  flanges,  plugs, 
gaskets,  pipe  bands, 
gauge  packings,  supports 
for  multiple  pipes, 
supports  for  vinyl  pipes, 
oil  sprayer,  seal  pot, 
etc. 

3 

Multiple  pipes  and  theL 
terminals . 

4 

Vinyl  pipes  for  CO- 

anal vzer 

liiil<cw«iim*-Harimc  K*«rr  lne«Jri«  Co^Ui. 
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7.3  Traffic  System . "X" 

1)  General 

(1)  Subdivision  shall  be  made  as  to  group  materials 
of  similar  function  in  order  of  installation 
sequence . 

(2)  Materials  to  be.  installed  at  "blue  sky"  "stage 
shall  be  those  that  are  installed  before  assembled 
unit(s)  . 

(3)  combinations  of  "-2"  and  "-3",  "-4"  and  "-5', 

"-6"  and  "-7"  show  the  materials  to-be  installed 
together. 

(4)  Material,  installation  of  which  is  started  very 
late  in  one  zone,  shall  be  grouped  into  "-9." 


Ick.liicw»fl"f*-Hcr!m«  C»-,U£. 
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2)  Subdivision  Guidance 


Materials  to  be  installed 
late 


Ijiik«w»iitn*-Korim«  H»«ry  IndustrUj  Co.,  Ltd. 
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7.4  Machining  and  Adjusting  ......  "G" 

1)  General 

(1)  Materials  to  be  installed  at  "blue  sky"  stage  shall 

be  subdivided  into  the  following  two  pallets  in 
order  of  installation  sequence,  if  necessary. 

a )  Materials  to  be  installed  immediately  after 
erection  of  the  deck  or  flat. 

(  b  )  Materials  to  be  installed  ‘after  installation 
of  foundation  seats  or  similars  at  prior 
stages  and  before  installation  of  assembled  . 
units  or  erection  of  overhead  blocks. 

(2)  Materials  to  be  installed  at  other  than  "blue  sky" 

stage,  shall  be  grouped  by  their  functions. 

(3)  One  pallet  shall  be  made  per  flat  or  deck,  in 

principle.  However,  only  one  or  tu;o  pallets  may 
be  enough  for  a  whole  ship  in  the  case  of  a 
certain  material,  as  remarked  herein. 


ItkilttrM'iras-Horime  H»*rr  lrwicjtri*j  Cs.,U<L 
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2)  Subdivision  Guidance 


r* 


CCol  7.8 


Col.  10 

_ L 


Description 


Remarks 


GA 


No  sub-division 
See  1),  (1)  ‘'a)  above.  " 


2  See  1)  s  (1)  b)  .  above. 

.  Materials  to  be  included  in  0  -  2  are: 
overboard  penetration  pieces  and  brackets, 
shipside  (sea  water  suction  or  overboard 
discharge)  valves  with  Packing  bolts, 
washer  for  echo  sounder  (including  log 
sonar),  bilge  hat  cover L incinerator,  seac^ 

for  fan  motors  and  stuffing  boxes  for  pump 
room,  watertight  doors  of  shaft  tunnel, 
main  L.  0,  pump  and  guide,  machining  tools 

(universal  machining  tool,  lathe,  boring 
machine,  grinder,  eletric  Saw,  hose  reel, 

gas  welder,  electric  welder) ,  fittings  in 

control  room,  ccz  meter,  sampler,  cooler,  . 

basin, . .water  fountain,  toilet  unit,  wash 
basin,  unit "cooler,  COP  local .. control 
panel,  FWC  control  box,  local  gauge  board 
for  M/B,  local  gauge  board  for. boiler, 
sterilizer,  chemical  cleaning  device  for 
heat  exchanger,  boiler  fan,  hychrorator, 
aux.  condenser,  calorifier,  ref.  machine, 
air- tank,  compressor,  emergency  fire  Pump, 
air  tank  and  compressor  for  emergency  fire 
pump,  air  tank  for  emergency  shut-Off 
valve,  sampling  coolerwith  piping  for 
control,  hydrofore  tank  for  drinking  water. 


Description 


Fittings  for  seachests  and  cathodic  pro¬ 
tection  (seachest  grids,  zones  &  bolts). 


To  be 

grouped  in¬ 
to  3  pallets 
for  respec¬ 
tive  3  zones 
HIT,  HIM,  and 
MIA.  per  ship, 
in  principle. 


Eadle  lock  for  valves 


1  pallet /ship, 
in  principle. 


Wiring  system  (steel  wire  &  wiring 
fittings) 


— Do- 


Damoer  controller 


-De- 


Remote  operation  devices  for  emergency 
valves  and  doors ,  etc. 


Pipe  bonding  strips 


Sea  water  suction  and  overboard  discharge 
valves,  bolts  &  nuts,  distance  pipe 
pieces 


To  be  pallet¬ 
ized  by  zones 
(Kir,  HIM, 
MIA)  and  flow 
direction 
(suction, 
discharge). . . 
Total  6  pal- 
iets/ship,  in 
princip le. 


Tank  fittings,  level  gauge,  level 
indicator  (scale),  float  switches, 
thermometer  bosses,  cocks  vi-th  lock. 


1  pallet/flat,; 
in  principle 


Emergency  fuel  oil  stopping  device 


Isfcizsvriimo-Kcriaw:  K*»v-f  IncriSrlcs  Cm., U i. 
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Col.  7.8 
' 

Col.  10 

Description 

Remarks 

‘ 

GH 

0  • 

Extension  spindles  for  valves 

1  pallet/s 
in  princip 

GL 

0 

Liners,  bolts  &  nuts  for  aux.  machinery 

GZ 

0 

Miscellaneous^  Sight  window  of  pump 
'room,  trolley  stopper,  etc. 

likikowciimo-Ucrimo  ttMry  lnduj»r!«s  C«.,lld. 
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7.5  Ventilation  Trunk . "T" 

In  principle,  subdivision  by  Col.  10  is  not  applied  unless 
specially  required.  If. required,  subdivision  shall  be 
numbered  in  order  of  outfitting  sequence. 


Col.  7.8 

Col.  10 

Description 

Remarks 

TA 

0 

Unit  or  materials  to  be  - 

- 

installed  before  erection 

of  the  block 

- 

("Blue  sky"  stage) 

• 

T- 

1 

Main  trunks,  branch 

*  Terminal  trunk 

trunks,  ventilation 

shall  be  put  into 

fans  &  foundation  seats , 

the  last  pallet. 

8 

expansion  trunks. 

supports,  bolts  &  nuts. 

gaskets,  terminal  trunk* 

'9* 

Materials  whose  installs- 

*  "-9":  1  pallet/ 

tion  is  very  late 

ship 

• 

handle,  etc.). 

itiilaw«|im»-Hcrima  Heavy  Indojtrias  Co.rlla. 


PAGE 


7 . 6  Foundation  Seat . "F" 


Col.  7.8 

— 

Col.  10 

Description 

Remarks 

FA 

0 

1 

9 

No  subdivision 

Seats  for  aux. machinery  and 
tanks,  foam  coaming,  pipe 
Coamings,  deck  coaming,  sub¬ 
materials  for  aux.  machinery 
seats,  units 

Material  to  be  in¬ 
stalled  at  "Blue  sky" 
stage  shall  be  those 
that  are  fitted  or 
temporarily  fitted 
before  installation 
of  a  unit  or  erec¬ 
tion  of  the  block. 

F- 

0 

1 

8 

9 

No  subdivision 

Seats  for  aux.  machinery  and 
tanks,  foam  coamings,  pipe 
coatings,  deck  coamings,  sub¬ 
materials  for  aux  machinery 
seats,  etc. 

Materials  whose  installation 
is.  very  late. 

Pipe  coamings  and 
deck  coamiags  teeat- 
ed  as  stock  material 
are  not  palletized 
at  this  stage. 

Fx 

1 

Seats  for  spare  parts  fitted 
on  the  hull  shell  (to  be 
installed  before  units)  . 

\ 

<■  To  be  installed  at 

2  . 

Seats  for  spare  parts  fitted 
on  units  (to  be  installed 
after  units) 

"Blue  sky"  Stage. 

3 


Seats  whose  installation  is 
very  late  (hook  for  handle 
rotator,  etc.) 
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■7  7  Funnel  Part.  .  .  "U" 


Remarks 


Materials  installed 
at  "Blue  sky"  stage 
shall  be  assembled 
into  large  unit 
before  installation 


ue\ 

1 

Stack  (uptake),  supply  air  duct; 
main  engine,  exhaust  gas  pipess 

US 

1 

expansion  jointe,  bolts  &  gaskets 
for  flange,  ladders  (inside) 

■  UH  j 

1 

sleeves$  supports  with  bolts 

2 

Streight  uptake  &  upper  funnel, 
spring  hangers,  blind  plates  for 

branch  pipes  near  the  outlet  of 
inert  gas,  angle  supports  of  , 
insulation  material. 

:ol,  7.8 


UA 


Col.  10 


o 


Description 


No  sub-division 
Sequential  numer 


7:8  Insulation . "I" 

No  sub-division  is  applied  in  principle. 

7.9  Spare  parts,  Accessories  .  "X" 


Sol.  7.8 


Col.  10 


XA 


O 


1 


2 


Description 


Remarks 


No  sub-divisiOn  "Blue  sky”  sta^e 

Materials  to  be  installed  immedi¬ 
ately  after  installation  of  a  block 

or  on  unit 

Materials  to  be  installed  after 
installation  of  foundation  seats 
for  them. 

i 


X- 


1,  General  spare  parts  and  accessories 


2 


Small  spare  parts  storable  in  the 
steel  cabinet. 


C01.  7.8 


Col.  10 


Description 


Remarks 


Main  bodies 


Installation  liners  (welded) 


Installation  liners  (chock) ,  bolts, 
M/E, side  stoppers 

Fittings 

Pipes,  valves,  orifices,  bolts 
Fittings 

Gauge  for  installation,  jigs  for 
shaft  alignment,  sests  for  jacking 
_Up  test  for  2nd  wheel,  F .  CL  _han_dj.es  ] 

L.  0.  discharge  Pipes  for  the  crank 
case  (lower)  - 


-Dit ro 


(Upper) 


Materials  to  be  used  just  before  th£ 
trial  of  M/E  such  as  sight  glass  to* 
bubbler  pipes,  water  level  gauge, 
float  switch,  etc. 


9 


Miscellaneous 


7.11  Boiler  .  . 


"B" 


Sub-division  shall  be  made  so  as  to  group  materials  by  their 
functions.  Sub-division  is  not  applied  to  steering  gear  rudder 

plate,  in  principle. 


Col  7.8 

col.  10 

Description 

Remarks 

A  T*\ 

1 

Main  bodies 

AD  i 

AC 

> 

2 

Installation  liners  (welded)" 

AE 

1 

AEV 

) 

3 

Instllation  liners  (Chock) 

' 

4 

Fittings 

9 

Miscell meous 

As 

0 

Bush  bolder  or  lignite  bush,  bush 

s  t  o  d  D  e  r 

AR 

0 

Rudder  stock,  rudder  plates,  coupliag 

bOltS,  (With  Stoppers),  pintle 

_ (  for  cement,  cement,  rudder  cover _ j _  ! 
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Col.  7.3  Col.  10 


Description 


Remarks 


Main  bodies  (JP- includes  propeller 
fastening  devices,  propeller  nut  and 
CP?) 


Installation  liners  (welded) 


Installation  chock  liners^  and  bolts _ 


Fittings  (vendor’s  supply) 

Fittings  (ocher  than  vendor's  supply) 

JP  ....  stuffings  _ _  _  _ < 

JD  ....  lignum  vitae,  cutless  bearing,: 
etc. 

Coupling  bolts 
Miscellaneous 

J?  ....  anti-corrosive  zinc,  etc. 


Sequential  by  each  intermediate  shaft 
(in  case  of  two  or  more  int.  shafts) 


Joint  bolts  &  nuts 
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7.14  Miscellaneous  ....  "Z" 

Sub-division  shall  not  be  made  (i.e.,'one  pallet  per  ship)  except 
for  ZT  (two  pallets  per  ship),  in  principle. 


I  Col.  7.8 

% 

Col.  10 

Description 

Remarks 

ZN 

0 

Marking  tapes,  nameplates  for 
valves,  caution  plates 

1  pallet/ snip 

ZT 

1 

2 

Thermometers  &  cases 
(for  stem  tube) 

-Do-  (others ) 

1 

2  pallets /ship 

ZH 

0 

Skylights,  hatches 

1  pallet /ship 

ZC 

0 

Flywheel  cover,  coupling  cover 

U 

zs 

0 

Stowage  boxes  for  chain  blocks 

» 

It 

ZD 

•  0 

Doors  (except  for  shaft  tunnel). 

It 

ZE 

0 

Eye  plates  (specially  ordered) 

ft 

Eye  plates 
treated  as  stock 
material  not  to 
be  listed  in  KLF. 

H^iry  IWtflrltf  C*.,  U4. 
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7.15  Joiner  Work  in  Engine  Control  Room  and  Work  Shop  ....  "D" 


Col.  7.8 

Col.  10 

Description 

DT 

1 

Fitting  pieces 

2  * 

Coamings 

* 

3 

Fitting  pieces  for  'ceilings 

4 

Steel  joist 

5  ' 

Window  sash 

DD 

1 

• 

Ceaent 

' 

2 

Titles  * 

DM 

1 

Base  ceilings  of  walls 

2 

•Base  ceilings  of  ceiling 

3 

■  Finish  linings  of  walls 

4 

Finish  linings  of  ceiling 

5 

Entrance  doors 

.  6 

W indovs 

DI 

1 

Heat  insulation  of  walls 

2 

Eeat  .insulation  of  ceilings 
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7.16  Fitting  (welding)  of  materials  temporarily  installed 

at  preceding  stages. 

This-pallet  is  for  fitting  work  and  does  not  include 
physical  materials.  MLF  for  this  pallet  is  automatically 
made  by  the  computer  based  on  the  key  sign  for  temporary 
installation  at  preceding  stages.  For  each  designated 
zone,  the  pallet  with  MLF-NO.  could  be  made,  but  normally, 
one  pallet  per  flat  or  deck  is  made  and  subdivision  by 
Col.  10  is  not  applied. 


Col.  7.8 

Col.  10 

Description 

Remarks 

-z 

0 

Fitting  of  temporarily 

installed  materials  at 

preceding  stages. 
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CHAPTER  VI  -  AN  INTRODUCTORY.  EXAMPLE  OF  PALLETIZATION 
ON  NAS SCO'S  DRAWINGS 


1.  Introduction 

In  May,  1979,  we  (IHI  Engineers)"  visited  NASSCO  to  make  a  basic 
survey  on  outfitting  system  currently  applied  at  NASSCO  and  had 
discussions  and  meetings  with  relevant  people  from  Design  Engineer i 
to  Field  Supervisors. 

Through  discussions  with  Design  Engineers  we  learned  that  NASSCO 
had  already  utilized  composite  drawings  for  some  congested  out¬ 
fitting  compartments  like  engine  room  for  development  of  working 
drawings  though  the  composite  drawings  were  used  only  for  cleararnc< 
of  interference  between  different  systems  such  as  steam  piping 
system  and  cooling  sea  water  piping  system; 

We  brought  back  to  Japan  some  of  the  composite  drawings  of  the 
machinery  space  of  San  Diego  class  185,000  DWT  oil  tanker  and 
tried  to  make  an  example  of  palletization  (pallet  list  and  MLF) 
based  on  them  to  give  concrete  idea  of  palletization. 

Based  on  IHI  standards  and  some  assumptions  our  design  engineers 
made  a  partial  and  tentative  palletization  as  introduced  herein. 

The  attached  copies  of  NASSCO 's  drawings  are  the  result  of  the 
tentative  palletization  and  to  be  referred  to  concurrently  with 
the-description  of  this  chapter. 
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As  we  did  not  get  all  the  details  about  hull  structure  or 
machinery  arrangement  of  the  engine  room;  there  might  be  some 
misunderstandings  of  the  drawings  by  our  design  engineers. 

So,  it  is  recommended  that  NASSCO  shall  complete  the  palletiza¬ 
tion  on  these  drawings  correcting  misunderstandings,  if  any, 
by  themselves  in  the  same  manner  introduced  by  this  example. 
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2.  Assumption 

As  described  in  the  preceding  chapters,  palletization  is  made 
by  stage,  zone  and  trade  in  principle.  In  other  words,  block 
segregation,  zoning  and  partition  of  outfitting  pares  except 
details  etc.  should  be  decided  before  starting  of  composite 
drawings  and  pallet-making. 

For  introduction  of  an  example  of  palletization  on  NASSCO'S 
drawings, we  applied  some  assumption  concerning  block  arrange¬ 
ment  and  zoning  as  follows: 

2.1.  Block  Arrangement 

As  we  are  not  familiar  with  NASSCO'S  way  of  block  segrega¬ 
tion,  we  assumed  the  hull  block  arrangement  as  shown  in 
Fig.  6-1.  In  Fig.  6-1,  pallet  names  at  on  block  stage  are 
also  given.  BLock  name  is  given  in  the  parentheses  and 
pallet  name  under  respective  number  in  circle. 

IHI  has  a  standard  for  block  naming  and  the  block  name  in 
Fig.  6-1  was  decided  according  to  this  standard. 

For  example, 

DB  1  P 

Portside 

First  from  fore 
I 

Double  bottom 
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LS  2  S 

Starboard  side 

• ! 

Second  from  lore 
Lower  shell 

2.2  Zoning 

Zoning  is  assumed  as  Fig.  6-2.  The  number  given  for  each 
compartment  in  Fig.  6-2  defines  Level  B  and  C  of  the  zone 
symbol  as  described  in  Chapter  III.  This  example  is  for. 
the  machinery  space  and  the  initial  letter  for  Level  A. 
"shall  be  "M".  Namely,  zone  name  in  full  will  be; 

MLL,  M12,  M22,  M23 . etc. 

Alim  materials  to  be  outfitted  onboard  are  palletized  based 
on  this  zoning  and  the  zone  name  (=  zone  symbol)  is  used 
as  a  part  of  MLF-No.  (See  Chapter  IV,  V) 

2.3  Staging 

Three  stages  are  applied  to  this  tentative  palletization 
on  the  ground  that  pre-erection  outfitting  is  applied. 

The  three  stages  are; 

on-block  stage  (Blue) 

Unit  stage  .  (Green) 


Onboard  stage  (Pink) 
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At  first  we  studied  at  what  stage  each  material  should  be 
installed  and  what  materials  could  be  grouped  into  units 
(machinery  unit,  piping  units  etc.  )  in  consideration  of 
convenience  of  outfitting  work,  sequence  of  installation", 
block  arrangement  and  zone.  And  then  we  grouped  materials 
into  pallets  by  block,  unit  and  zone. 

In  the  attached  NASSCO's  drawings,  material  to  be  outfittc 
it  on-block  stage  are  identified  by  blue  color,  unit  sta 
by  green  color  and  onboard  stage  by  pink  color. 

2.4  Machinery  Name 

In-NASSCO'S  drawings  we  brought  back,  -no  system  or  machinery 

name" is" given  chough  the  system  number  like  C2M'-Q”)  or 
—  (3 14-0$)— is  provided  for  each  system.  We  guessed  the 

system  and  machinery  names  from  the  drawings  for  identiZica- 
tion  of  pallet  as  written  in  the  drawings. 
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3.  Pallet  List 

Sample  pallets  are  listed  in  the  pallet  list  of  Fig.  6-3.  MLF- 
No.  is  coded  in  accordance  with  the  coding  guidance  introduced 
in  Chapter  V  with  excepcion  for  on-block  stage.  jn  the  Pallet 
list  of  Fig.  6-3,  MLF-No.  of  on-block  pallets  is  coded  as 

Col  1  234  5  6  7  8  910 


T 

4 

D 

B 

1 

s 

- 

- 

- 

0 

I 

T 

4 

T 

L 

1 

s 

- 

- 

- 

0 

j  Block  name 

As  may  be  noticed,  the  substage  of  hull  block  assembly  such  as 
"A.  ..Assembly"  or  "B  .  ..Back  assembly"  which  is  to  be  identified 
by  column  3  according  to  the  guidance  of  Chapter  V  is  omitted 
here.  This  is  only  for  this  example  and  in  "actual  palletizing 
the  substage  must  be  clearly  given. 

There  are  many  pallets  as  shown  in  the  drawings,  but  all  pallets 
are  not  listed  in  the.  pallet  list  of  Fig.  6-3.  "It  is  recommended 
for  NASSCO  to  complete  grouping  the  remaining  materials  into 
pallets  and  make  pallet  list  as  a  practice. 
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4.  MLF  (Material  List  for  Pallet) 

For  a  typical  pallet  ateach  stage,  we  tide  a  MLF  assuming  major 
information  like  piece  number  or  weight  of  material  etc.  as 
shown  in  Fig.  6-4:  Minor  information  to  be  contained  in  actual 
MLF  are  omitted  here  for  simplification. 

As  :Eor  explanation  for  each  column,  the  Article  2.4  of  Chapter 
II  jshould  be  referred  to. 

4.1  On-Block  Stage 

Fig.  6-4  (1/5)  shows  the  MLF  for  (9)  piping  pallet  "T4RGF-2-0 
on-block  taken  up  as  an  example.  This  pallet  is  installs 
on  the  hull  block  "RGF-1"  at  pre-erection  stage.  All  mate¬ 
rials  to  be  outfitted  on  "RGF-1"  at  pre-erection  stage 
including  pipe  supports,  gaskets  or  bolts  and  nuts  should 
be  grouped  into  this  pallet  as  listed  in  Fig.  6-4  (1/5)  . 

All  materials  are  prepared  by  this  pallet  and  delivered  to 
the  block  site  to  be  outfitted  at  appropriate  stage  of  block 
assemblys and  proceeded  to  the  next  stage  with  the  block. 

In  general,  materials  to  be  fitted  at  on-block  stage  shs 
be; 

Pieces  directly  fitted  to  hull  structure  such  as  manholes, 
penetration  pieces,  corrosion  protection  zinc  etc. 
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pipes,  ventilation  ducts  or  electric  cable  trays  which 
are  laid  right  above  or  beneath  the  decks  and  flats,  or 
near  the  bulkheads  and  steel  walls. 

Fittings  directly  welded  to  the  hull  structure  in  the 
cargo  hold  such  as  vertical  ladders,  steps,  sounding 
pipes  of  tanks;  foundation  seats  for  deck  machinery  etc. 

Pipes,  valves,  suction  mouths  or  any  other  fittings 
located  in  the  enclosed  spaces  workability  in  which  at 
later  stage-is  very  bad  such  as  double  bottom  or  deep 
tanks . 

In  making  on-block  pallet,  size  and  segregation  of  z  pallet, 
location  of  pipe  joints  and  time  of  installation  etc.  are 
to  be  so  decided  as  not  to  disturb  hull  construction  work 
badly  , or  in  consideration  of  subsequent  outfitting  work  and 
facilities  availability.  For  example,  a  pipe  must  not 
overhang  a  block  nor  be  located  at  a  place  which  requires 
very  careful  positioning  of  adjacent  or  upper  hull  blocks 
at  erection  to  avoid  damage.  And  position  of  pipe  joints 
should  be  decided  to  minimize  the  number  of  make-up  pipes. 

The  best  efficiency  of  shipbuilding  in  total  span  including 
both  hull  construction  and  outfitting  must  always  be  in 
mind  for  Planning  of  Palletization. 
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4.2  Unit  Stage  (On-block  and  Onboard) 

Taking  up  16/  condensate  pump  unit’  (machinery  unit)  as  an 

example,  the  HLF  for  this  unit  "b4X152 - 0"  listed  in 

Fig.  6-4  (2/5),  (3/5).  The  number  "152"  in  the  MLF-NO.  is 
machinery  number  for  a  condensate  pump  given  by  shipyard' s 
design  standard. 

This  pallet  of  unit  includes  pipes,  valves,  expansion  joints 
"gaskets,  foundation  seats  for  the  pumps  as  well  as  two  sees 
of  condensate  pumps  and  motors. 

The  all  materials  are  assembled  into  one  unit  in  the  unit 
assembly  shop  and  installed  in  "zone  "zone  M12"  at  "Blue  sky  Stage", 
or  in  the  case  of  IHI,  the  assembled  machinery  unit  is  in¬ 
stalled  on  the  grand  block  (large  block  composed  of  two  or 
more  unit  block)  which  is  temporarily  located  in  the  roofed 
unit  shop  for  concentrated  unit  outfitting  before  erection. 
Connection  of  systems  between  units  are  completed 
as  much  as  possible  at  this  stage. 

Materials  to  be  installed  by  unit  shall  be,  in  general, 
auxiliary  machinery  and  seats,  pipes,  valves  and  other 
pipe  fittings  in  their  vicinity  which  can  be  grouped  into 
one  unit  with  the  machinery,  a  group  of  pipes  running 
through  a  same  zone  which  can  be  outfitted  with  pipe  fit¬ 
tings,  if  any,  on  common  supports,  0r  components  whose 
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fittings  can  easily  be  fitted  in  a  shop  before  erection 
such  as  radar  masts,  steering  gears"  or  miscellaneous  tanks. 

Indecision  of  units,  the  best  stage  at  which  each  material 
is  installed  (on-block  or  onboard),  location  of  machinery, 
pipes,  ducts,  cable  etc.,  boundary  of  units,  necessity  and 
best  position  of  make-up  pieces  and  so  forth  should  be 
taken  into  account. 

These  points  are  studied  based  on  the  composite  drawings 
at  planning  stage,  and  therefore  the  composite  drawings 
must  be  worked  out  paying  attention  to  these  points. 

For  this  purpose,  as  discussed  before,  the  draftsmen  of 
the  composite  drawings  must  be  familiar  with  outfitting 
procedure  or  method  at  production  site  or  collect  necessary 
information  or  knowledge  from  production  people. 

4.3  Onboard  Stage  (Fig.  6-4  (4/5),  (5/5)) 

The  sampled  pallet  is  "T4ZMllp — 0" .  This  MLF-No.  implies 
this  pallet  is  piping  pallet  onboard  and  in  zone  Mil.  All 
pipes  and  pipe  fittings  located  in  the  zone  MLL  are  compiled 
in  this  pallet. 

As  may  be  understood,  the  materials  to  be  outfitted  on¬ 


board  shall  be; 
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Heavy  machinery  which  cannot  be  installed  at  preceding 
stage  such  as  main  diesel  'engine,  main,  boiler,  main 

turbine,  reduction  gear  for  propulsion  etc. 

Machinery  or  components  which  cannot  be  installed  befo 
the  hull  construction  is  completed,  or  need  precise 
adjustment  when  installed  such  as  steering  gear,  main 
turbine,  reduction  gear,  rudder,  propeller;  propulsion 
shaft  etc. 

Deck  maching  except  those  in  the  machinery  space  or 
accommodation  which  installed  at  grand  block  stage  such 
as  windlass,  mooring  winches  etc.,  or  deck  fittings 
like  boat  davits,  masts,  derrick  poses  etc. 

Pieces  whose  location,  size  or  connection  with  other 
systems  cannot  be  decided  at  preceding  stages  or  are 
better  to  be  decided  at  onboard  stage,  such  as  make-up 
pieces  and  distance  pipe  pieces  between"  machinery  unit 
and  hull  shell. 

0  Machinery  or-equipment  which  could  be  damaged 
stalled  at  preceding  stages  such  as  electric  measure¬ 
ment  equipment  or  furnitures. 
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In  general,  it  is  recommended  to  outfit  materials  as  many 
as  possible  at  earlier  stages  for  better  outfitting  ef¬ 
ficiency,  but  hull  construction  efficiency  declines  due  to 
pre-erection  outfitting  to  a  certain  extent.  Shipbuilding 
efficiency  in  total  span  in  case  pre-erection  outfitting 
is  applied  depends  on  availzbility  of  material  preparation 
area  and  facilities,  punctual  receipt  of  materials  from 
the  vendors,  close  interrelation  between  different  trades 
or  shops,  size  of  blocks  etc.  as  well  as  size  and  type  of 
the  ship.  Therefore  careful  study  among  every  section 
involved  is  necessary  as  to  whether  and  to  what  extent  pre¬ 
election  outfitting  shall  be  applied  at  NASSCO. 


\\ 
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5.  Relocation  of  Pipes 

Yellow  colored  pipes  in  NASSCO'S  drawings  show  examples  of  re¬ 
located  pipes.  These  pipes,  if  arranged  by  IHI,  would  be  re¬ 
located  to  the  routes  shown  in  the  drawings  (system  Nos.  210-01, 
511-01,  508-02,  211-01) .  By  this  relocation  each  pipe  can  be 
easily  included  in  the  respective  unit  nearby  the  pipe. 

Fig.  6-5  is  another  example  of  relocation  of  pipes.  As  shown 
in  Fig.  6-5,  pipes  are  staged  by  its  location,  i.e;,  pipes 
marked  B  are  installed  on  block,  pipes  and  valves  marked  (U)-l 
and  (U)-2  are  grouped  into  units  with  No.  1  and  No.  2  Fresh 
Water  Circulating  Pump  respectively  and  mak-up  pipes  (loose 
pipe)  marked  (£)  are  fixed  on  board. 

The  assumptions  for  above  relocation  are; 

1)  Machinery  location  is  not  changed. 

2)  Bending  angle  of  pipes  is  limited  to  90  or  45  degrees  in 
principle  for  manufacturing  of  accurate  pipe  pieces, 
easiness,  of  drafting  drawings  and  adjustment  of  make-up 
pipes  on  board. 

3)  Pump,  foundation  seat  for  the  pump,  pipes  and  pipe  fittings 
are  assembled  into  a  unit  in  the  unit  shop  and  installed 
together.  Units  U-l  and  U-2  are  lifted  by  crane  and 
installed  separately  on  board. 


liiikoweiin'o-Korimo  H»ory  li*ciostri*i  Ca., Lti. 


PAGE 


4)  The  make-up  pipes  between  two  adjacent  units,  if  any,  are 
cut  in  required  length  with  excess  or  loose  flanges  before 
erection  by  setting  the  two  units  in  the  relative  position 
temporarily  in  the  unit  shop. 

5)  The  make-up  pipes  marked  E  in  Fig.  6-5,  are  measured  in 
length  on  board  and  finished  in  the  pipe  shop  thereafter 
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6.  Other  Notes  on  NASSCO's  Drawings 

In  addition  to  the  facts  described  already,  the  followings  are 

pointed  out  as  recommendation  or  reference  for  NASSCO 

1)  To  make  compasite  drawings  with  minimum  design  manhour  and 
error,  or  to  maintain  consistency  in  the  quality  of  the 
drwings,  development  of  technical  standard  including 
sysem  and  piece  numbering  standards  or  form  of  MLF  is 
strongly  recommender. 

2)  A  composite  drawing  shall  include  all  materials  and  neces¬ 
sary  information  for  outfitting  as  many  as  possible  includ¬ 
ing  hull  structural  information  such  as  system  No.,  piece 
No.,  location  (three  dimensional)  of  pipe  supports,  fit 
reducers,  strainers,  sleeves,  block  joints,  zone  boundary, 
unit  bouadary,  pallet  boundary,  flow  direction,  work  lot 
number,  dimension  and  position  of  web  frame  or  irregular 
hull  structure  etc. 

3)  to  make  a  composite  drawing  sale  or  to  express  informa¬ 
tion  clearly,  most  of  the  pipes  except  extra  large  one  are 
drawn  by  one  line  and  many  symbol  marks  for  fittings  are 
used  (See  example  of  'IHI's  composite  drawing  in  tile  fol. Low¬ 
ing  Chapter) . 

4)  Computer  program  for  developing  pipe  piece  drawings  from 
composite  drawings  used  in  IHI  is  a  very  powerful  tool  for 
design  manhour  reduction  and  manufacturing  of  accurate  pipe 


pieces . 


CHAPTER  VII  -  AN  EXAMPLE  OF  PALLETIZATION  ON  IHI'S  DRAWINGS 


In  this  chapter,  an  example  of  actual  palletizztion  in  XI  IHI  is  intro¬ 
duced  based  on  its  composite  drawings. 

1 .  Composite  Drawings 

Attached  two.  plans  are  the  sampled  composite  fitting  plans  of 
Main  Floor  and  Lower  Engine  Flat  of  a  1/854  TEU  container  ship 
actually  built  in  IHI  Rure  Shipyard  recently. 

Both  drawings  are  for  outfitting  of  piping  system  and  machinery 
at  all  stages.  Ventilation  ducts,  traffic  system  like  passage 
way,  electric  equipment  and  electric  cables  are  outfitted  by 
other  composite  drawings.  Identification  by  color  is  same  as 
NASSCO'S  example  drawings. 

As  shown  in  the  drawing,  many  materials  under  lower  engine  flat 
are  installed  at  on-block  stage,  and  very  few  at  on-board  stage. 
Most  of  the  machinery  and  equipment  are  grouped  into  units 
together  with  pipes  and  other  f it tin<?s  in  their  Vicinity.  Pipes 

are  arranged  in  longitudinal  and  transverse  direction  only  with 
a  few  exceptions  and  grouped  on  common  supports.  Such  grouped 
pipes  are  assembled  into  units  before  erection. 

AH  systems  and  materials  are  identified  by  system  code  or  piece 
number  according  to  respective  numbering  standard  of  IHI  which 
are  of  significant  numbering  system. 
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For  example,  a  piece  number  for  an  auxiliary  steam  pipe  piece  is 
given  as; 

40  AS  (03-265-5 

1  Sequential  No. 

Line  (Sranch)  No. 

Svsteis  No. 

Svscea  Code  (sx.  As  =  Aux.  Steam) 

Nominal  Dia.  Cam) 

Locational  information  such  as  height  of  pipes  above  the  floi 
or  distance  from  the  frame  line  is  also  provided.  Most  of  the 
pipes  except  extra  large  ones  are  drawn  by-one  line  with  flange 
by  scale.  Machinery  or  equipment  are  simply  drawn  or  symbolise 
but  their  outline  or  position  of  joints  with  pipes  or  valves 
etc.  are  clearly  shown. 

As  may  be  understood  instantly,  MI'S  composite  drwizgs  conta 
much  more  information  in  simplified  way  than  NASSCO'S.  When 
implementing  composite  drawing  system  at  NASSCO,  Careful  study 
of  IHI  drawing  is  recommended. 
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2.  MLF  (Figs.  7-1,  7-2,  7-3) 

For  each  stage,  one  pallet  in  the  composite  drawings  is  taken 
up  as  an  example  and  the  MLF's  thereof  are  shown  in  Figs.  7-1, 

7-2  and  7-3.  As  for  the  details  of  each  column  of,  MLF  Article 
2.4  of  Chapter  II  is  to  be  referred  to.  (See  the  attached 
composite  drawings  together.) 

2.1  On-Blok  Stage 

Fig.  7-1  is  MLF  for  the  hull  block  "3D31S1'  at  block  stage 
of  "G"  (grand  block) .  This  pallet  contains  all  materials 
as  well  as  piping  materials  to  be  loaded  at  this  stage. 
Ventfiation  trunks,  floor  &  gratings  and  inclined  ladders 
etc.  are  outfitted  by  other  composite  drawings  than  sampled 
piping  and  machinery  composite  drawing. 

Pipe  piece  number  is  listed  in  MLF  by  shorrened  form,  i.e., 
by  (System  Code)  1  (Line  No.}  + (Sequential  Piece  No-)  like 
AS271-2,  and  nominal  size,  length,  end  treatment  (flange, 
sleeve,  reducer  etc.)  and  classification  are  given  in  the 
specification  column.  Pipe  piece  drawing  or  information 
are  printed  out  by  the  compute:  and  issued  to  the  pipe 
fabrication  shop  well  in  advance  of  pallet  preparation; 

Units  to  be  installed  at  this  stage  are  assembled  prior  to 
pallet  preparation  according  to  their  MLFs  "B4X3D31S-J" 


and  "B4X3d32s-a"  Details  of  components  not  shown  in  th 
composite  drawings  can  be  referred  to  by  the  reference 
drawings  whose  drawing  number  is  given  in  this  MLF,  if 
necessary,  for  example,  The  details  of  penetration  piece 
"FO-OOl"  is  shown  by  its  fabrication  drawing  "F4070011" 
and  ventilation  trunk  "NV-213Z"  by  fabrication  drawing 
"F4821T21" . 

Total  weight  of  materials  in  this  pallet  except  the  assemt 
units  (pallet  weight)  is  2,775  kgs  and  execution  weight 
including  the  units  is  4,6-11  kgs.  The  control  weight  whic 
is,  in  proportion  to  fitting  manhour  is  2,775  kg,  namely  in 
this  example  the  pallet  weight  is  equal  to  the  control 
weight . 

By  referring  MFL  to  the  composite  drawings  the  productii 
people,  can  confirm  the  contents  of  pallets  and  plan  outfit 
ting  schedule  with  appropriate  resources  allocacation  inclu' 
ing  manhour. 

2 . 2  Unit 

Fig. 7-2  lists  materials  assembled  in  a  unit  with  the 
ballast  pump.  The  MLF  Of  this  pallet  is  "B4Y059-0" 
which  is  installed  on  the  block  "DS31S"  at  "back-assembly" 
stage . 
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The  pallet  weight  and  erection  weigh:  are  3,500  kgs  and 
the  control  weigh:  is  2,370  kgs.  The  control  weight  iS 
exclusive  of  the  ballast  pump  and  motor  because  the  out¬ 
fitting  manhour  there  for  is  not  in  proportion  to  their 
weight  and  calculated  independently.  Other  descriptions 
are  same  as  above  2.1  On-Block  Stage. 

2.3  On-Board  Stage 

Fig..  7-3  is  the  sampled  on-board  pallet  "T42X2LP-0".  This 
MIS-NO.  implies  this  is  piping  pallet  for  the  zone  "M21" 
You  may  easily  understand  this  pallet  by  comparing  the  MLF 
With  the  composite  drawing. 


M  L 


1  p.7-l  Pallet  on  l>lockO/7) 
1‘  ■«»>nw 


m.  •  ".ia  •  «ii;i  •  i  jj. 

Asfioi  -led  unit 

Li !  1 1 • >  um -UN  LI_ 

■  cjifj/.-koiium-UMr 


»»* 

aim:  /a 
I  2  J- 


/ili.V.  IT  *•> 


«w  .•;,un  ttur.rc  irmsomtfyg)  ».AiMm«ir«) 
i.tvif  4  ivvR(itmiri;«i 

6.'liH/«ll  it  t.-U  S 

i-ilH 

I  A  i  ■■  iSfti'f.  >  III;  l<0) 


S203-1 


US  52U- 1 


oS62d-J 


Ui.52)l-'» 


CA262-1 


CA6  06 -i 


CAA09-1 


SSJO  1.61)  L5A 


l.ilMIIIHIt  I.  I  I- Huo'.-l.t 

fiK'i  i  >  !.;)■»•> u- v.iMt  r-'». 

»lKM>  Z.ihTT^Tw  MU’ Vi 

-SOT  AJI020I  tm 

.  .,7777  I  r»l.  41  SHAM  t.  H.MHA..V 

IT Wr-  1  •  r». 


'JIl'ilifdUi'lTI  (n^)>|.)  lie  Jil;  iT(  J,t 


FF3 1  6.  Ill 

AOA 

FF2U  1.211 

40A 

FF  20  1.7)1 

15A 

FF11  6.611 

AOA 

FF  20  1.9D 

'lOA 

«nw# 

;r.tu  m 
:<  A  ^ 

—  i* 

1 

UiXJfiiJLS 

-a 

DAX3D32S 

-»t.  <iwu  t.  n. 

».  Wl  >1.1. v.  l .  *)i 1 
s.  irtiiii.7, 


A  k  /.  iVl  3  - 1 


ll  •.  1  II  II  I 

7  9.  Uo.  ol) 


CA409-2 


F  F  7  0  3.1511 _ AOA 


67 


I  • 


I..  f.  ,  «fc- 


AMIN  tfclK  IfttMtOHHIMSI  ».  ft*  V  (Niai/S) 


w  ,«■  «*  -*  »— v —  —»  —  ■ 


I  Alnum*  «.  «  l.ill.m  S  m't.n'1 .*  ||«|»'  ».  I 


ITr.  7-l(2/7)  Pallet  on  block 

M  L  F 


AIM.  XII 
1  2  3 


3.v*vw  MKrimi>;iH>m.ltv;miti'?n 


*  to i  ft  i.w/vr 
« 4  fltt 


2  r<K.v.«iw  a  i  -  ^ciuw  ?  n/:  t v>i 


hwt  I*  l.iltwt  J"->viM|'KVi 


S  OTA  28020!  $  fl 


«(!p.Y.4V 


,l» iT-f  M 


»<;s*  i  >  i.th*  i  —  *  *>  mi.pju 

►  t.  •11'iUAA* 


►  I.  •JI'lUA.V.  2 
3.  fclH.IM  4 

s.  Ml»*£. 


2.  »»,i ix  k::. 

•ji  Mia.v, 


II  *i  U  II  M 


79.  06.  Ojb 


*  • 

INI 

K  ’ 

/.ii, v.  mt  f 

i 

*  iJUlillpMIII 

Vi  Jit  * 

l> 

ffi  J.t 

!' 

{& 

'JI  !'iW  iTr 

II  MU 

U  J 

H 

it 

IK  ft, Vi  ^  —  K 

H  V 

•  •?.  a  •  mi;i  •  i  Ui 

« 

Ur -situ 

I' 

- r 

u  i 

-  f  noi-<l_  i 

0030  3.5(1  2  0.SF. 

LU1 

1 _ 16 

Gib 

1 

•  - * — , *•  l  - - 

• 

04 _ 1 

!  •  i 

LLOOl-4  C 

soil  2. 611  65SC 

Ifll 

1  33.2 

G7t 

1 

■ 

07  ..... 

DK651-3  C 

S010  4.4H  40U0 

•  1.0  1 

1  12J) 

NOF 

, 

1 

IT  \ 

F 0015-1  l 

FF/O  2. in  eouo  16 

_ IJ11 

1  336 

LW 

l 

11  1 

• 

F 0031-2  t 

FT  21  3.111  25U 

1/Ji 

1  11.7 

F7V 

1 

• 

41  1 

K00J2-1  l 

FF 70  2.70  250 

1 £1 

L _ 2^ 

F  7‘J 

l 

————— 

41  1 

F  0063-1  l 

FFJO  2.3tt  40U 

l^i 

i  .  id 

F7_*j 

1 

14  1 

• 

F 0254-4  l 

S020  3. OH  65C 

1.01 

1  4  7.9 

B79 

1 

* 

• 

34  1 

FOiOL-2  (I 

0021  3. on  2500 

.11)1 

1  221.4 

D79 

1 

57  1 

! 

fOJOl-3  U 

SS20  l.'»n  2500 

1.0 * 

1  1.09.1 

1)79 

1 

ll  1 

1 

FO620-1  0 

OF 50  2.6N  25 A 

1.0  1 

1  7.7 

D7V 

1 

• 

41  1 

: 

F0 620-2  0 

SF31  3. ID  25A 

1.01 

1  1 1.3 

1)79 

1 

"  ’ 

• 

* 

14  '  1  • 

; 

F  0625-1  C 

SS30  l.on  65A 

1.0  1 

1  16.9 

D7S 

1 

i  - 

14  ! 

i 

F0625-2  0 

SS50  2 .6(1  65A 

1.0  1 

1  24.2 

C79 

1 

.....  . 

1  . 

HHHHH 

4. 

_ 

F  0629-1  t 

0021  5.911  65A 

GBeE 

m 

E 

■ 

tt 


f 


\ 0 


on 


MU’  -  Nil 

It  v.ntv.iit 

' 

i);co 

■.MV  It 

■<»  /K'M 

A  it1  •!■  I.' 

• 

614 

614 

,  . 

Ml  **  1  1 . 

/Am  i  o  7  /,;<  t>h  ii .  i  1 

7  6.' 

74.’ 

1  FI  *  M 

i\  u 

614 

4 

/6MII 

n 

to 

i-4 

'O 

‘•-I 


I  t 


♦  If-AMJH  0 tol'. it  I  fi«B  IfMSIHt!)  I.  ft*  If  II 


>.f.tif  4-irM»t«iKii  i  t)  s.iryicnnmrsi 

F1r.7-1(3/7)  Pallet  on 

M  L  F  • 

s 

bloek 

K  Mitt 

n*  twi 

A  HC’  XU 

1  2.3  •• 

iVt  ’  ii 

Witt  m>  u 
• 

>)■'»!'( II  <=»;*  v  !•) 

A 

JIM  •  MA  •  MIS  •  1  iJi 

Pine 

f  K425-1  ( 

0S50  3.0ft  25Ult 

F  (1425-2  l 

0S50  2.2n  25U0 

. 

SW049-2  t 

FF20  1.6H  126A 

SW049-3  a 

FF11  3.3H  123A 

SW049-4  G 

FF20  l.Ort  125A 

SH0A9-5  U 

FF 10  2.5(1  125A 

SH216-1  C 

FF10  5.211  100A 

SN497-1  C 

FF  10  5.2(1  125A 

* 

SH^97-2  C 

FF20  .7ft  125A 

SW497-A  C 

FF  20  -7ft  125A 

' 

ShiiSIr*.  t 

DW-6O0V 

FF  20  .7(1  12  5A 

IX  ANGLE  VALVE 
(C/UL  F L  5U65U 

lit  GLOOE  VALVE 

OL  FGU  30A0 

F 11- 20 IV 

US-24  7V 

JSC  S.p.C.GLOoE  VALVE 
bC  t  fjU  5040G 

liC  GLOoE  VALVE 

I.AHillMk  1.  ■  i.ht.m  S.m‘  ».m*  I.<  iom"-  ' 


1 1  V't  •  ",1  A  •  (It  l»  •  I  Ui 


UC  GLObE  VALVE 

JbC _ FLU  lGO'tO _ 

lie  S.D.C.GLObL  VALVE 
bC  FNU  LoO  1  3G 


.  10K  HOSE  GLObE  VALVE 

jlC  ANSI _ MG _ 10(5 

bLINli  ILANGL 

SS41  _ JF  ti _  10K _ 1  5SS 

PENE  T .  P I LCE 1  ST EEL  PIPE) 
JPLNE  f  .1’ I  LCL  (S  f  EEL_P IPEJ 
PENE ? . P I tC E ( S TEEL  P I  PE i 
PLNL  I  -  PI ELE < S  TEEL  PLPL) 


PENE  I  .PI LCE IS  I  EEL  PIPE! 
PENEI .PIECEISTECL  PIPE! 

plnet Ip I lce i s i ell  pipe) 

PLNEI.PILC CIST EEL  PIPE) 


PENE  I  .PILCEIS TEEL  PIPE) 
PLNEI.P1ECEISI CEL  PII’L) 


PLNL T. PIECE (S FEEL  PIPE) 
I’LNLI. PILCEIS  IEEL  PIPE) 


PENE  I  .P1LCEISIEEL  PIPE) 
I’LNL  I  .P1LCEISILLL  PIPE) 

pene  i . i'l  lc  i.  i  s  r  it.  el  pipe) 

PLNE1 .PI LCL I S 1  EEL  PIPtJ 


EXPAAS10N  JOI N I fOELLOC 
EXP.J.SUS  FULL  5K  SO 


GASKET 

ASUESTOS  PA  SK  AOOU 


GASKET 

AStJEsTOS  PA  3 K  1250U 


,1'r  W  I  Ml.  P  -  K<i  |  II  V.IRIC'ill 


lr  /,/*  k  \s  m  »•  -/!'»  n  n » 


7  a  m 


n 


A  7  PNft  \  7 


1  Q  Q 


,  7- 1  (5/7)  Pallet  on  block 


M  L 


■n.vi< 
(TiTc  x:i 

I  21 


JIV'I  •  M A  •  W.II1 


GASKET 

.A  Slit  5IO  S_  P  A _ 1  OK _ 1S0U 

GASKET 

A  Stl  LS  T  OS f?  A 10K  250U 

GASKti 

asuE5Ios._pa _ 11 

casket 

ASi)f„STQi_HA__l! 

CASKt  T 

.ASt‘K5>JVS_H  A_.i 
SCUPPER  I' OK  sri 
SCUPPER  _SS_li»! 
scumTi  for  st 
fcCUl.'PcK  SS_2F_ 
scupp’lk  roil  oi 
SCupp/oic  ,!!Afj_s 
t>CUPPEK  FOR  Ol‘ 

SC  UP  P/0  IL  PAN.  S 
SCUPPER  for'  oi 
SCUPP/OU:_.PAN_S 
'  HEXAGON  M  E  A I)  0 

SS  _ C  Al.  V- UN _ l 

mix  a  con  iii.Ao  ii 
SS  GACV  .liN _ 1 

hexagon  iieau  u 

SS  UALy.UN._l 
HEXAUOH  HEAD  i) 

*;>;  r.Ai  \i-Iin  l 


l  OK  AM1L 

JUHL-UQSU- 

lOK-loOSW. 
TEEL  DECK 
UF  5K  AuU. 
TEEL  DECK 

_  5K  _AOg 

1C  PAN 
SS  10K_25 
ft  PAN 
SS  10K_25_ 
lie’ PAN 
_SS  10IC  25 
UOU/NUI 

l  2  S _ AO  SG_ 

iioCT/NUI 
J6S  A  5SG 
U OCT/ NUT 
1 6  £_  50  SO. 
oocr/NUT 
IAS  55  SG 


e  n  .v.irn  o «i  i  if  i.ftunutiai/f-ai  i.inimumrwi 
i  TMaTjfin? imumu  vovjuiww 

«  -i  ll.V. 

2  m.:.\  <*»> * t  - 1> t  ti;r,  ?  i» i;  i  <«» 


i.mwim-u  >• «  i.iii.m  8.1**  s.i»*  a.  t _ 

~  f«a«  <  >  i  av)7>-> viMi.i  '.'« 

fiCaTTiT  MU' Si 


SOT-A  220201  fJM 


r»l.  •»•*•.»* >..V. -2 .  H.IHA.V, 
J.  «u  I  H.l I.  'JHilNCVi 
S .  -Mi 


ii*  *k  *<  <i  ii  j 

79.  06.  uja 


Mw.mj 


'■n. 


« s? -Arm **i»  i.rrv ttoj Kirs) 


I.AMHM-R  l.  •  ).»■(.«  5.*’ law-'  1  1 


F1r.7-1(6/7)  Pallet  on  Mock 

M  L  K 


II  Vi  •  HI  A  •  Win  •  *1  Uc 


OPlNDLL  DEVICE 

_6P  IN  D_  E  DEVICE _ 

PI  PL  UAND  SUPPORT 
PJ  PL  •  HAND  _SUfPORJ 
LYL  PLATE 
LYL_|!LAIL 


VtNflLAriON  TRUNK 
VENTILATION  IRUNK 
VL N T i L A 1 1  ON  TRUNK 
VLNULAJION  JKUNK 
FLOOR  i  GRATING 

|l  LOOR_t  GRATING _ 

llooR  £  GRATING 
[re OOIl_C_GRA T  ING _ 

[iiobii  £  grating 

PLOOK  £  GRATING _ 

I'iboii  t  GRATING 

FLOOR  £  GRATING _ 

FLOOR  £  GRATING 

ILOOR  £  GRATING _ 

ILObii  ~C  "GRATING 

FI  OOR  £  GRAT  ING _ 

FLOOR  £  UR  A  T INu 

1 1. OOR  £  GRATING _ 

INCL  1  NED  LADDER 
INCL I NLD  LADDLR  _ 

inclined  la ddlr'  - 

INCL I NLD  LADDLR _ 

I Nci.I NLD  LADDLR 
1NU.INLD  LADDLR 


A IIC  XII 
l.l  1 


Ml- 72  1 2 


NL-OOOP 

NV-213Z 

NV-21AZ 


N0-120C 


NG- 12  1C 
NG-122C 


NG-123C 


NG- 12  AC 
NG— 2 11Z 
NG-311Z 
NG-211L 
NG-212L 


NG- 3 1 1L 


i.tvi?  liivximku  in  5  Rwriintsirsi 


t.NKRalit 


*  MI.V. 

t  -  ifx  t-lim  *  t«)l 


: .  ria.,:.(iiW>**-Dt'r<;fl  tin;  no) 


N=92 


LA-3  11/2500  D/600  A/.53 


LA-3  11/2630  D/3U0  A/.5  5 


LA-3  H/2600  U/600  A/53 


if,  «;i 

Ml.  I-  -  Kn 

IFY.IUlUill 

»  7  I  > 

*  •  ,  ,  |  «  *’ 

» n  iii 

:),o>  *.y-& 


lit 


_U7l  1 


M 


_4(|r 


Jifl 


JJJ  i! 


Jill. 


M 


i.u 


JaMI! 


J.q 


l.M 


l.M 


l.M 


to  I.  ikw  ;  wmi.i  \*. 


SOT  A2I0201 


11 


I.BiffW  • 


i _ aw 

J _ UL2 


ire  t& 


M 


JL2J«y 


79.(1 


_76.d 


_am 


60.Q 


jj&q 


_aM 


117.1 


liS.qDcq 


IZ^DOaI 


»|3.  Il»!n>.  #•—■*••»»  Ml.l' Vi 


>i.  hwaa  i. 

1.  In  I  >1.1. V,  a.  •H'ltlA.V 

s.  tit.  a;:. 


ii  »  n  n  ii 


7  9.  06.  0 


U 


•Jh'iMI  fir 


(r,m 

x  i 


xy-i'IHr  1' 


m 


FAoC69I'.l 


F  A  6  3  A  T  1  ll 


ILC.A 

Eil/j 


EMQ22  l  i 
F  A  D  21TYU 


f Ad21T2ir 


DO'J 


IF  AD3lZ3ll _ 


FA0  31Z3lI _ 


C0« 


FAtl3lZ3ll _ 


[FAB31Z31I 
F  A  0  3 1 Z  3  ll 


F  A0  31Z7l| 


FA  1)312  7 if 


[T  A  0321  Cl] 

n«EMi 


40.60.6.0  CJ3.0.C 
A63ACCCCC 


my.iV.3-K 


lAfi.C5.2J_C.ee 
2yt2J.QOO.OC 
2A02J_C.CC. Cl 
2A0B.10C0CC 
2 AM31CC0CC 
2  A  03 1CCOOC 
2  A  03  10.CO  01 
2  A  03 1.0  CCD  ( 
iAU3.10.00GC 
2|A  0310C0Gt 
A  03^2  I  CC 01 
A0321CCCI 
AU321COOC 


/  a  ,n 


/. '  i>  i>  n  1 1) 


•.lilVSIl 

-.'1  / 1  -fv’ 

Vi  >'f  '1'  V 

IS  Vt  •!'  W 

u 

to 

o 

13  At 

.13*0 

13A0 

« 

H 

>7’1 

■>117 

A  *i7  x 

t 

> 

tn 

Pi 


Pallet  on  block 


«it  •■an>t  oumt  i.ftiMntnmrrx)  i.ftmmmirg) 
1-tKB  MMittllklSlf*) 

MiiEETtt  i.-'/v-/ 


•  ■■  -  .......  ,  , 

I.  All  III  4- It  t.$  i.Ul.H 


FXlfi-i' t  >  1 . ; k; ^ j  x  i  —  xvikll.FVi 

fiaTTT  i.i n-Ai-’eM  mi.kk.. 


if  Ml.V. 

1 

MIC  ill 

1.2.1- 

J.PiW.V. 

(1  * 
W.V.ffV 

1 

ii 

i 

-  CM 

j 

fcC-OOtC 

IMC-OU2C 

imC-OOJC 

nc— oo*»c 

NC-0U5C . 

SQTiM»20H»M 

««,y.iui 
jl.Rit.llU  • 


►  I.  J.  >1;IU.U'. 

3.  kll  I  >1.1  .V.  4.  'Jl'itikU'. 

s. 


*'<  Jit  JR  Jit  - - ti-is  MM&3~k 

i _ •»«  It  ■*  lU 


-Mil _ Liu  an  a 


9  72A1I 


O1  *L  u  l|  II  I 

7  9.  06.  ujd 

tfl  .  JJ  1 


lM.S.22W.fi  d±L±_ 


- •  .  .i  •  4  M-V  M  V  .  . 

•  F'.d59Tlll _ 

*A  COj _ _ J  ibS.S 7±3  00  ±_ 

F4flS91  111 

5^003,  2  _ l‘iBS97<3CC  f 

F90991  111 _ 

'll  DOJ _  1  4USS7930C  i 

F<jU99Tll| 

Juk  £0 J _ 1  >iQ5S7430C  + 

F  A  tl  9  9  T  1  ll _ 

Jtf  £05 _ _ _ 1 5.05.S  Ji  j  o  (,  _±_ 


I  * 


?AGI  203 


I 


I 


ift«tt<fiin<r*x)  i.ouwiiMRiftfi 


Fig* 7-2 (2/4)  Machiner  unit* 


M  L  F' 


»’  l.J'tl: 


r. 


lIVl  •  'VIA  •  JUl.t  •  J  iJ; 


1*1  pc 


V 


HC  OLOUt  VALVL 

jii.  . . . f oy_.  it>y£5__ 

ul  bc'iaw/oilt.  utout  v, 
no  n-su<,  fur  200  Losac| 
bC/iiti  biit-i.  L  vIUlwiNG""" 
bL/aC  Si ll_l  L  V.LlfJlNG 


auntKfLY  VALVt(HANUAL) 
UUl  1 t.KFL  V_VAl.VL.jnAN UAL  J 
auirtitfLY  VAL  VtiriANUAL) 
oy(UK{  LY_  VAI.VLUIAMUAL) 
iiiii  r  tiU  LY  VAL  vl i Hanual ) 
auntKfLY  VAL  VL  (MANUAL  J 
111.  J  Nil  FLANOt  i  w/llAUilLL  j 

bb'J  .fiAkVsfit _ SK  iOUSbl 

UAILU  flLILIt 

WA1LK  FILltll _ 

liAbKL  f 

Abut blOS  I1  A _ SK,  12SOU 

l»AbK  L  j  "  "  .  . 

a  bats  fob  j*  a _ 5j<_2yooy 

1.  i-  i 


\*m:  <:t 

1.2.3 


illW.mj- 


5W452-.1_I 

Sh45b-1 


SW'tSfl-2 


bii4  60-1 


Shriii  jv 
ibii-'tiav 
SV-4J9V 


bW^A5.6V_ 

bM-439V 

SW-460V 


bW-402S 


i.  i  vij  utv;;  iiiKu  i-ii  s.n./n!rmi«ir*i 


fl.'ii'Xiii  l  iv  I//.7* 

c  I  II.-.'. 


rptK.V.liVWn  p  — Ptl-H  J  11 1 1  <1)1 


MV.V.’.hhh*  > -I’t'ItVI  J  Ul:  l  ,o> 


£0.1 _ -J.LL1Q0/L 

FF2 1  .911  25QA 


FF  20 _ .911  2  50A 


IFF  10 


Jfl  2 50 A 


10K-250 


FC25  SCSlJ 


5K  +  25 U 


FC25SCS 1 J 


5K  *  300 


FC23  SCSI! 


3K  ♦  300 


bK-2!iOC  UALLASTPP 


i!t  Jit 


jm 


Jill 


l.lJi 


Jii 


Jill 


Ml 


_lii  II 
la  1 


Jill 


Jiil 


j<m 


JiiJ 


O.M 


3.i 


3.  I<|.m  5  m*  4.m*  ?.  *  'jiM"**  •  •  * 


t<  W  i  <  u  1 .  Jyt  uMi.K  v, 


SOT  A7I0201 


itt.vvf  u 


11 


1.1,'iTt  U 


11 


lit  tt 


.11174) 


J6J 


63.(J 


444 


3D\ 


LyAOI’l 


2  b  9.01 


30 ull 


444 


JMiv. 


ox 


oJ 


S.i2i 


S9^ 


S9a 


S9i 
AO  I’l 


D42 

042 


E42I 


B42 


E4  4 


Ml  I  >  i.m  *  t  - , mi  r  x. 


►  1.  *i mx Mi',  1.  >i.m>..v 
3.  tut  >1.1.7.  I.  'JIM.A.V, 
i.  VtliA.7. 


II  n  '1  11  11 


79.  06.  0 


•Jrii3|;r, 


;i  m  ia| 

U  I 


xf-SlW 


61 


61 


6JL 


tl 


I 


|N4a4100u|A 


i7  4  0  4  •!  0  C  u| 


hiGAAOOOi 


pJAuAAuUul 


xiAoaaiool 


IK.it1V.3-K 


b 90322  ICO  £ 
4'4 03265C02  i 
1406 19C00C 

14G44SCLCL 


140449CCCC 
160449CC0C 
4  6  C6  9 1 C 1  fl  7  1 
'|OfcZ5C9Ct 

40040111 

4CG4C111S) 


m 

■mm 

imm 

mm 

mm 

mm 

mi 

■mm 

i^^m 

■mmmHBi 

m 

la 


’.-I. 


r  — t  — •  • 


»if  .V.T1H  «*Mf  IftUBOHSirTK)  t.AVttOUlilfK) 


l.rtMINfU  ».«  S.v«l.»i  iw'  »• 1 


FIr. 7-20/4)  Machinery  unit 


M  L  F. 


■>-  -tan  n 


Y, 


mt  •  A  •  Jim  •  JiJi 


GASK  ET 

.A SUES TOS.P.  A bK  3000U»| 

GASKt!  T 

_ASiiES T OS  PA _ 5 KJ? OOIJJ 

GASKET 

.A SO E  S j OS  PA _ bK  AUOOUll 

GASKET 

JiSUESTO§_P  A _ IOK _ 'iOOJ. 

GASKtT.ltUUUEk  su.tr 
_(j A SK t !  | H 00 UEK_._S ht'E  I 


JiEXAGON  HEAD  UOLT/NUF 

SS  __  GALV  .UN _ I  oS _ b OSG 

Tit  X  AGON  I  It.  A  b  OOLT/NUr 

SS  GALV. UN  20S _ 60SU_ 

HEXAGON  ilEAD  UOLT/NUI 

J>S_  .GAEY=»N_.2  0S _ 6p.S(J„| 

HEXAGON  HEAD  U0LT/NU1 

SS_  GALV. UN _ 2 OS _ 7 OSG 

HEXAGON  HEAD  UOLT/NUI 

SS  GALV.UN  _22S _ / OSG 

iltXAGON  IlEAD  iioLT/NUI 

.5  S _ GAl.y.0  tl__£  2.  5_  1 3  SILI 

OALLAST  PUdP 

HALt,  A  S  J _ f*Urt  M _ _ _ 

110  I  Oli  (UALLAST  I’Ll  IIP) 
nor  OK  r  UALLAST  ij/uilP) 
I'U't  u and  sui>i> ok  r  •; 

PIPE  UAND  SUPPOKT _ 

Vtkr  (GAL  LADuE.it 
VLIt  T  K.AL  l.ADDEK 


.\lll.  All 
I.M 


Ch/OUiPH 


|n  a- 03  vaa 

p/uTP-n 


NG-I02V 


1  I.IMIn'IlilUlHO  S.IV’.lil'IlilUirti) 


6  Win  I  if  • 
*  ♦.lli’. 


l.fiRJK  l.krt  x  t  -  fif  4-11 » li  4  l  nil 


*.»«KtelriW*»-PfW8»»UI:  tn» 


ijl'JiUuTvniS  (a^M 


5K-J00  FOR  LINING 


VEC 


500n3/ll  *  25n 


5 b KW  IU00KPI1  T E  V  U 


N=i2 


VFS-5  L/ 700 


»  a 


tel 


Ml.) 


r  )».  *itvn.;tj - flv t)  n|  ?;.l 


n  v.lih;.  it 


i kt»Ai-i> 


I A  II 0  S  1 1  fi-H 


7IJ0J. 


HP 


.M)  1 

jfli 


Am 


Jv .»! 


Jiiii  | 


2M 


_6pjXl 


JAD  1 

oJJ  1 


_^20  1| 
tu 


M 


llXI  (  >  t.liMXf-vt'iMI.KM. 


SOT  A  JIOIOI  DM 


w 


J.g  1 || 

] 

1.0  1 1 


I.  Sit  (I  II 


lit  [.I: 


A... 


j4 


M 


_ab 


_wq 


iM i 


M 


M 


JA? 


59(yJ 


boat: 


G5.J 


N4  08490c|a 


god 


gm 

GOO 


goo 

GOO 


God 


Mite-  2  lh*f-2»>  MI.K.'K 


’Jl'JiWil’f 


r»i.  •n.'iUA.v;  i.  >i.i  u a 
3.  %i  i  mi.v.  * .  '-'I  Mia. 
5.  till  .tv. 

1 


ii  >i  •<  n  n 


/  9.  06.  0 


lil'T1"1 


**--*MHr  y 


^UO'i.Qllfe  7  1 

JfiliGJU.Jl 
lCJi£l.l6. 
MOi.412107,1'01 


X 


M4'»:»106C(a" 


HAAS  10 7^ 

F  A63AUt>X 


F  4  (1 3021 X" 


Uftj&a-K 


11408492000 
i  092 17.5.LJ 

l| 

i»09 2  1 76  1C  l 

4££2  Lift  171! 

i  91217.2  iH 

^>09  2 177.lt  j 
A A  5 lttCGC , 
J  A  6510  7.001  . 
2  4634CCCCC 

ijg3.c2J.gigg  _ 


f’l'll  )j- 

f 

* 

+ 

* 

f 

+ 

♦ 

f 

f 

f 

♦ 

.A?.  PAOl.-IH.  ! 


.unit 


!. ..  J,;0fJ 


M  IV  'f*  V 

‘  &5d 


.  j&o«y _ « 


> 

R 

fo 

o 

ui 


I 


M  L  V 


laclilnerv  unit 


■»*  ■h»ili 

[Tile  xii 

I  i  J  • 


* ,!  "lll>l  trmit(»n;iM-*i  i.ft« st iihuii til 

i  <■««  <  itn'ifdiuiif  mi 

«.nus5Tii- « - - - 

« MI.V. 

Fr.|i<«,v.i;>:J»x  >-  M-).(iant  tm 
M<r..V.liSa>  x  1  -  i'Xh'M  5  HI:  l  ui) 


t  I.AHJlU-llt  I.  ■  a.inl.xi  S.m*  *,*i'  7.1  hug*'  •  .  7 

>«?»'»<>  I.il.vj  -t  7--PV)MI  I'ta 
l>  I  mJt-.w  SllXsi, 


goTA7to;oi  am 


ll.iflTiPW 


-»i.  'll  'iu k:.\  i.  n.i 

a.  tu i.ii.i as  4.  *u 

8.  min).;, 


ii  •>  'i  n  n  1 

7  9.  06.  jQju 


■ - f  V  ^  « 


i.frettumirT*x>  t.ft«wt!>Kir«i 


I.AMUUHt  2.  (  J. r.‘,  uww'  «■  > 


Ftg.7-3d/8)  Pnllet  on  board 


M  L  F 


I A  IIC  4i» 


j.tvit  «.i>v»inniir<-«;>  s.ituirmmrtti 


•  .■U'CtolS  !.*»«•»’ 


*  <M"‘ 

l.t<K.V,Uii>x  t-tf-C  FllJlit  Iftl 


2  KiK.V.lirtO  x  *  -  i-'t'llX  J  III:  l  M 


1  V  I  ifcMt  Vi 


SOT-A28020I  t>M 


•  XV.it  U 


l.tiif  #U 


liJJF  I  2  *  <*-:•»»  Ml.l  *. 

•»i.  •mni.r.  >.  h.i u «..v. 


[►I.  •IIWI.A'i  2.  H.IU'.: 
.1.  ta i  21.1  All  8.  'll  Vi* A 
5.  MliA.V. 


II  •»  ■!  II  II 


•79.  06.  0 


- 

,V|  ft  1 

f 

AMA»v>  b 

i 

i - 

•jii'wiwmn 

A 

m 

in 

H 

IIDHB! 

.  IMM&a-K 

K 

Kl  * 

lUl  •  ',1A  •  Will  •  1  i'J; 

Pine 

AS263-1  C 

FF  30  3.3M  AO  A  15 

11)1 

1  •  1 6X1 

DBA 

27 _ 1 _ 

+ 

mmmmm 

- T— - 

. 

AS263-2  l 

F  020  -Oil  40A  15 

1.0  1 

1  5.1 

D84 

1 wmmm\ 

, 

f 

AS2U1-1  2 

SS10  1.611  25A  8 

_ LSI 

1  4.6 

D84 

27  . _ ! _ 

+ 

— 

• 

ASJOo-112 

FF 20  2. OH  OOA  15 

lid 

1 _ 2^1 

E84 

iHilliy 

f 

US452-1  ( 

FF70  2.9M  40A 

1.0  l 

1  13.0 

G7(i 

41  1 

f 

11 S528-1  i 

F.F1U  2 . 6fl  40A 

1.0  1 

1  12.2 

G7b 

01  1 . . 

• 

f 

CA  0 12-1  l 

CA013-1  i 

mmmmm 

1.0  1 

i  AO 

G71 

24  1 

F 

FF 10  2. on  25C  41 

1.0  1 

1  9.1 

G7fl 

91  1 

+ _ 

’ 

CA013-2  1 

FU12  .in  25C  .  41 

1.0  1 

1  *  £1 

G76 

24  1 

+ 

CA225-1  ( 

FF  30  1.611  25A 

1.0  1 

1  A3 

C-7t 

11  1 

F 

CA274-1  C 

CA407-1  l 

FF  30  2.111  15A 

1.0  1 

1  HV 

G7t 

11  1 

* 

FF50  2.6tt  40A 

1.0  1 

1  .*  13.3 

G76 

41  1 

1 

»• 

CEOOl-3  C 

S010  2.3n  20SC 

1.0  l 

1  A3 

G76 

01  1  , 

1 

F 

CE001-4  i 

SS50  2.211  65SC 

1.0  1 

1  21.5 

G7l 

4  4  1 

1 

F 

> 

CEOOl-7  C 

solo  i.sn  2USC 

llJJl 

1  3.6 

G7I 

01  .1  _ 

1 

4 

U 


?  ’f¬ 


lu.  I-  -  Nil 


p- 


i!*jr.niiiiii 


02  2. 


i);0)  xl-il 


qkI  ■  BoAAj^) 

/F.02  .  Y _ 


-618  It 

*  1 1'  / 1*  *t»  w 

Vf  n  V 

1.-1  IV  I.< 

it 

155 

155 

l5y 

. 

_ 1$5 

_ 155 

_ 155 

_i 

> 


O 

•si 


I  4 


i*), 


*);■  w  tniiit  i.ft t/g uiiiiif f g>  t.ftagiiHnif«» 
[i.fcfsf  uiukumu  in 


F1r.7-3(2/B)  Pallet  o 

M  L  F 

n  hoard 

•V'Rtnitt  i. 

t>  MM 

1  Wvj  *  #  -  iff  Ml  Ml  1 1  tot 

\  II 4.  411 

1.2  3 

M’t&V.MiViA  ».  7  - }'  CUUl  ?  lit:  t 0) 

-v.  y. 

j;  t 

iiliiVili  >j 
*  * 

,  (aXVh) 

J, 

ft 

mt  •  ".••A  -  Wi;t  •  liJ; 

P 1  pe 

.uhD5l-L_3 

■ 

..  . 

_ CW051— 2  ( 

CW051-3  t 

S  UfSHaj 

F030  3.30  50C 

■ 

• 

CV<05i-6  l 

Iffi 

1 

LW121-1  t 

DkoVJ-1  L 

0570  3.7(1  65 A  B 

■ 

DR693-1  t 

F010  .3(1  50C  •  IS 

■ 

DW651-1  ( 

SS70  2.611  60UU 

. 

L X-9  1U-2  . 

FF21  1.911  700iil) 

LX620-2  ( 

FF 30  1 - OH  65A 

FD 1 90-1  i 

5070  3.111  25A 

FD216-1  t 

FD2JI-1  J 

SOSO  l.Ufl  SOA 

f F20  1.60  65A 

FD251-15  t 

0530  6.10  I5A 

I. AMKIU-U  t. «  Mi  IV  >.m'  T.i-|hh)|«'  »■ ' 

tiia  i  > 

j#«w  ♦  .1  Mi.r 

SOT-AJIOIOI IH 

m.,ZT7.  r*i.  •Ji"i« 2.  n.muw 

« — -  •  3.  hi  (  A  H  iV»  4.  MiA.V, 

II. Vv'ffM  .  u,. 

I  5  4  Nllulm 

J  ,  - l 


<>  »k  •%  nil  I 

/9..06,  Oji 


KS  Ji' 


■  * 


«»  -am in  mm  immUEi  ».<hhki 

i.  v;,  k  ii. •■«»■  miw  i-g),  i  owromnr*) 
Pallet  on  board  ".wstiiitt 


M  L  F 

•  i 
INI 

mt  •  wa  •Tu'T 

_ Pipe _ 


n 

aiii:  <u  - 
i.n  - 

a  mu 

I  I 


I  2.  fttf.V. 


.  njO.Q2ri_  i.  SS5Q .ArlfL-AiH/U _ 

F0015-1  C  FF2U  2.011  U0BU  16 

kooia-3  g _ FF20  .on  ooun _ 

.  fooio-4  g ..  FF20  .9n  oouo _ 

Foom-s  g . ff lo  3.311 _ uouu _ 

F0G2y^l_  (  FF20  3.50 _ 25U _ 

F  0031— 3  1 .  FF  20 _ .  9H _ 250 _ 

.  F 0031-4  l  FF  20  .511  250 _ 

F 0033-1  l  FF2U  3.011  250  . 

F0  254-L  I  FSbO  1.711 _ 65C _ 

F 0  202-1  1  F020 _ .UN  2  500 _ 

f 0202-2  l  0020  2. HI  2500 _ 

f.<?12L:JL  i  fs 2o  l.sn  2500 _ 

F 0629-1  ;  SS30  l.vn  6SA _ 


FR216-1  (  FF 20  4.0F1  40U  _ 


.......  ...  u.n .. 


Hr. 7-3(4/8)  Pallet  on  board 

M  I_i  1* 


■Vi  r, 


mi  •  «,1A  •  JUAI3  •  4Ui 


MIC  -<11 
I  M- 


«it-  .v.rin  owi.it  i ft  1/ it  iiiniifi^i ». o « triiumrei 

Tf-v.f  4. iv, nt  m«if i-si  s.iM'ijiiviuirni 

MjiBii  |.SS  I ,'!»■* 

*  I  II,". 

n~  f  r  fll  MU.  L  to) 


FR402-1 


F  R  4  7  3  - 1 


GF011-1 


L  0261 -1 


L0261-2 


SW04‘7-L 


SVtG49-6 


S  (4157-11 


X 

F  £61  1.711  POil 

FF50  2.3H 

20U 

FF20  l.lfl 

UOU 

SS3U  1.6(1 

40Uli 

SS30  1  .6(1 

40UU 

SS30  1.6(1 

40UU 

FS50  1.7(1 

5Q0CU  • 

FU10  1.5(1 

65A 

ruiO  1.5(1 

65  A 

Ff  20  1.60 

125A 

FF20  i.on 

1 25A 

FF  10  3.2(1 

65  A 

FF  20  .5(1 

65A 

FF  10  4.1(1 

65A 

I.AHIIH  U  l.l  l.lll.m  5.»’».r,'>.l  itnaw1*.  > 

‘  I  OKI  4  >  J.ifi  UI.I'X. 

S»T,A»020l«m 

r'  ',r,u 

|l.«W4U  ■  *  I  *’ 


p  »  . 

3. 

•n mx j.  h.i i;.a.v> 

0(1 1  >1.1  iVi  4 1  Jili  AiVi 

5. 

L~\. 

n-  >K  ><  <1  U  I 
7  9,  Oo.  Ud 


'1. 


.  %;•  f  —  *•»  «—  *•  *  I.—  — »  •-  •  »V- .  t»»  ft  <  • 


*K--*\un  o*u  »  i.lV«KUliiiir-r-«i  i.fr«n »M«irm- 


Flg.7-3(5/8)  .  Pallet  on  board 

M  L  F 

vim:  •■•xu 

i.j  i  . 


K 


41  Vi  •  ",'!A  •  Jli  1.1  •  •!  iJi 


Pipe. 


DC  GLOuE  VALVE 
OC  FoU  16U25 


SF  SCUEWEO  GLObE  VALVE 
SF  H-S  FOU  500U6C 


SF  GLObE  VALVE 
SF/SUS  _  FOU  20025 


SPECTACLE  FLANGE  (SSI 
SPECTACLE^  FLANGE  (SSI 

si  on  f -glass- 

sight  GLASS  FC  5K  50 

GASKET" 


5K  60011 


5K  5  OOU 


ASbESIOS  R  A_ 

GASKET' 

ASUES10S  PA_ 

"GASKET 
ASllLSTOS_PA_ 

'GASKET  ' 

ASi)ESToS_PA _ 

GASKET'" 

ASUESTOS  PA  5K  1250U 


5K  6  501) 


5K  OOOU 


i.  :  v\t  utvsitMi-.iMti  s.K-vit(iinsir*i 


V  MliVi 

T7<se5  i.kto  *  *  - 1>  (  ¥  II »  a  » t  m 


t.  itx::>  iiH»i  *  y~?tnx  ?  m*  i  *oi 


<i.) 


ni.r  -  k.i 


(l  y.isiGni 


ll;v)  y—i/ 


fcm-tls-  l.iO»’»*r-*v>MU  V. 


l|<K+l>  MB*  *-»»>  MI.V.Vi 


SOTAitOMIHm 


* v si 


I.KrcHU 


i 

JL _ _ _ 

R  J.I:  * 

1 

[4 

Sh2 15-1  j 

S*216-l  5 

FF20  2. OH  150 A 

1X>  1 

1 

FF  50  2. 3f1  100A 

i.oi 

L_ 

Sn236-l  3 

FF20  .911  65A 

i.oi 

l 

SW251-1  0 

FF10  3.611  125A 

L>J  1 

i_ 

SW597-5  J 

FF  20  .9)1  125A 

1JJ1 

1 

FO-COYV 

1.01 

s 

CA-056V 

_ LSI 

i 

CA-OOIV 

Wm 

L_ 

EX-0O1F 

5K-700  SS 

1.0  1 

i_ 

HI 

1.01 

i__ 

■ 

5.0  1 

i_ 

■HI 

2.0  1 

i_ 

UC  1 

i_ 

6.0  1 

1_ 

5.0  1 

l 

ift  1.1: 


JlW 


2\d 


g  n 

G7E 


AM 


2U 1 


5J 


96.7 


old 


ojJ 


M 


o.d 


91 


G7U 


S91 


NOP 


L5|N0P| 


D7S 


7  9j 


pi.  *ji a.  h.iiua 
I  a.  m  i  m«i mi  4 « *;i  *it; a.v. 
I  5.  M.OLY. 


It  »*  *1  ft  II 


79,  06.  Ob 


if —PM  If 


51' 


71 


61 


91 


[N6C692911 


t H»»9-  f 


*k» 


603221G0t| 


50335 105  111 


5  0 3  355005 


iK  o  fc  s  2  9 1  o  q 


5C035J[ CC b  Ij 
S50U501 107 
5.CE5C1  lOb  1 

5P.6_5C1.1C? 

5|5  0050  1 1  1C 
5  00501113(1 


h'i'f  K 

*  i 

¥ 

¥ 

+ 

* 

f 

¥ 

f 

+ 

* 

* 

+  • 

*• 

+ 

/cm 


57  PK> .  in 


•It  i'd  Jt 

“1-  /  I  ■(•  w 

i»  if  •!* :,! 

i;;»v  ;!•_«_ 

(1 

253 

29J 

293 

2 1  I c 

ms 

;ir>9 

n* 

> 

a 

t*i 

to 

I-* 


f «  0  *>  > 


I 


«C  am  Ota  IB  I.AuttdUClMjO  l.fttfBIIHCiiai' 


l.-fVlf  MnWIHKiMM  5.|M!ii(llll|lf«t 

•  t 

*  !■* 

1  ; 

i  ,  1 

Fig.  7—  3 (6/8)  Paliet  o 

M  L  F 

.  .  j 

n  board  ■ 

C  'JMJtol.S 

«  Mini  •  . 

I  ClKnil.I.KM  >  -  !'f'4  l|f|l  l  lllj) 

A  II  E  '  XII 
l.t  3  ■ 

i.  (i  av.;  nii«M  t  - 1>  cns:  mi  /.•  i «» 

•Vi  fi 

J  iiii.v.i-nj- 

i  r« 

•JIli'iiiT/l^fill  (=<S>b) 

'•*  .  » 

£'<  J.I: 

n n  •  'via  •  w i:s  •  r,h 

0 ASK El 

_aSUES  IOS  PA  5K  ~  2  50011 

GASKET 

ASUESIOS  PA  SK  650 J 

1  • 

/ 1 ) 

i 

,  i 

•  1 

■  20 

GASKET 

.ASUESTOS  PA  5K  7000J1 

1  • 

l 

1.0 

GASKU.wiUL  NET  1NSEKI, 
ASUESIOS  PA  5K  SOOOG1 

. 

1.0 

GASKET 

ASUESIOS  PA  10K  150U 

* 

1  i  ■  • 

1.0 

GASKET 

ASUESTOS  PA  10K  2U0U 

• 

2.0 

gaske  i 

ASUESTOS  PA  10K  250U 

• 

, 

.  50 

GASKET 

ASUESIOS  PA  10K  400U 

• 

'  10 

GASKEI 

ASUESIOS  PA  10K  65 OU 

10 

GASKLT 

ASUESTOS  PA  IOK  UOOU 

• 

• 

10 1 

GASKET 

ASUESTOS  PA  IOK  1000U 

10 

GASKET 

ASUESIOS  PA  IOK  15U0U 

•  • 

10 

GASKET 

A  SUE  ;>IOS  PA  IOK  4  00J 

20  1 

GASKE  l 

ASUESTOS  PA  IOK  500J 

101 

I 


I  v  I . ifci'j  r.  i  -  j/.aii.r 


SOT  AJ1MOI UM 


•  tf.V.f.  U 


MfXifiU 


«(X*  l>  J.tf nf-m  MU' ^ 


* 

r*l.  •JPiUAiA  2.  >1,1  U  An. 

3.  t«j na.v.  <:  •iiiha.v. 

s.  iruiA.?. 

~ 3 _ _ 

II  4  >1  II  II 


79.  Ob.  o;o 


111  ill: 


ttftiia-K 


Kii  >> 

_t  * 

r 

r 

t  , 

* 

♦ 

+ 

f 

■*- 

t 

+ 

A 

* 

11 


ill 


ii 


11 


1 


11 


M 


M 


M 


M 

01 


-PS 

-PS 

■O.l 

j^i 

o.i 


01 


£C 

0.0 


5ft0£40m£ 
VLQdMi  LpJ.l 
4064C2175 
^406404  17) 
4CH41  no 


l  40641  HO' 

; 406411  lot 

94004 1  1 10  /1 

*1 

54  06411 109  lj 
54064111111 


40641  1112  1 
40041 1114  1 
64121  Cl 


*1 


**  *1,  .  «  **'  . 


i  /»•  *  ■ f 


lil 

M  L  F 


,7-3(7/8)  Pnllet  on  tionrd 


/f  «il»’ 7  «  # 

1A  UC  K(|  1 


«k  «u»  o**i»  iftuw iinciM-e*  j.ftifaimu 
i.*v»  <  it. (is mif  s.i>vsiinoir*» 

. . 1 1  if 


.lal-frT-MliHH  full 
j.  tin::,  iifiA*  t 


h  it  •  va  •  »ji  i;i  •  i  U: 


GASKET 

ASUESIOS  I’A  20K  25  1U 


CASKET, ASUESToS  SHLE  I 
GASKET, ASUESTOS  SHEET 


GASKET, ASUESTOS  SHEET 
GASKET, ASUESIOS  SHEET 


HEXAGON  IILAD  UOLT/NUT 

_SS_GALV.GW _ 1  2  S _ 40SG 

HEXAGON  HEAD  UOLT/NUT 
SS  GALV.UN  1 2  S  45SG 


HEXAGON  HEAD  OOLT/NElT 
SS  GALV.UN  16S  4  5SG 


HEXAGON  HEAD  UOLT/NUT 
SS  GALV.UN  16S  50SG 
"HEXAGON  IIlAI)  U0LT7NUT 
SS  GALV.UN  16S  55SG 


HEXAGON  HEAD  UOLT/NUT 

SS  GALV.UN _ 20S _ oOSG 

HEXAGON  HEAD  UOLT/NUT 
SS  GALV.UN  <lOS  o5SG 


HEXAGON  HEAD  UOLT/NUT 
SS  GALV.UN  2 AS  UOSG 


■jhMiwB'rw 


"hexagon 

HEAD 

UOLT/NUT 

S4  5C 

UN 

22S  75SF 

CA/OUFri  D/G  I1A1N  AIR  STAHT.V. 
LO/20 TFT  D/G  HIST  GAS  OUTLET 


UoL I  STUDS /NU  T 
Si5C  UN  16S  75DSF 
AlCtSS  l  Tl  A  i  N  "  D  It’S  E  L I 

AGCESS  (MAIN  DiESELi 


l>ll>E  UAND  SUHI'OR  T 
I’U'E  UAND  SUIM’OR  T 


«,)  Ml. I"  ■  .V.  |  (I'r.ialKlII 


AIR  COOLER  DRAIN  VALVE 


-S' 


r  >,  n\  >  1 i*~-  1170  no 


V  ••«#**»  •  *  *  *'  •  ••  +-  \i  «*•  •  »•**“*< 


.  4  « 


I.AMIrt fit  t.  %  Mil.*  7. 1  _ 

tiVit  i>  i.i*»x*-**»Mi.rv. 

\iaii  t>  i.mt-S'O  mi  i  v. 

St)TA»01#l*S1 

- — - -  I .  Jl  MA  A.'.'.  2 .  n.l  It  kit 

*  I  3.  *J>W,V.  4.  *N  Mi  A.Vi 

|«  •  5.  *i.,a.v. 


!!•  It  1  M  II 

79.  06.  0  d 


_ jJL _ _ _ JL - - 

»*  0!  'Jl  ’!iW  if,  *» 

H  to  JRe  1,1  -  —  *  ISfttta-K  f(jj 

im  K  *%f— •yfttf  <  m  a 


\c  1  1 
20.G1  1 
2\i  1 1 
10XJ  1  1 


JS'M!. 


20^  1 1 

2.0 

3\t  1 1 

3/' 

4o.l  1 1 

_ 4aC 

44aC  1 1 

4,4 

2U.G  1 1 

5.6 

; _ _ _ i  iosi4.l<LGi  i ..  _t_ 

N40B496u 

j  NQF  _  1406491000  + 

N40B4S001 

L  NOT _ _ J  4  08  491  GO(J  .  _t_ 

:  GOC  ' _ 1  40921731  1  It)  _±_ 

’•  Got  2HZZZZZH  ZI  54092173121 1!  _+i_ 

6  GOT _  i  409217512  l U 

GOC _  5 40920 51 :  1  li  _+_ 

<j  GOC  '  5  409217514  1  U  _+_ 

t  GOC  11  S 405217611 1 u _+_ 

3  6QC  •  '  5 4  0921761 1  1 U  + 

3 GOC  1  £4C9217U2Ciil  J_ 

L _ <140951771 C  l  il  ♦ 

DEOC  4»095275U1U  +_L 

"nTITIoIoIa 

.  14111C60CC  + 

- FTST^zTIIS 

C  24634CCCCC  + 


L2G0C 
6.C60C 
12.0  GOC 

_4^_ 

'  2.0 LOC 
30.C 


. -~r~ 

j 

nttti  o  rojA 

•  Rb'JifzTllA"' 


■liian  iM.!"  G  't  •cTTlii  tv-i'  1.1  I  n 

172^  142'  172 


t,"  l»NO.  40 


7'n4l  ?  "•  n  41  nv.1  •/ 


?AGZ  213 


STUDY  REPORT  ON  SHIPBUILDING 


•  Ish&awaji 


FOR 

NATIONAL  STEEL  AND  SHIPBUILDING  CO. 


Volume  IV 
-  Palletization  - 
Addendum 


October,  1979 


riS-Hcrims 


Heavy  Industries  Co.,  Ltd. 


TOKYO,  JAPAN 


PAGE  4G 


CONTENTS 


1  PREFACE 

CHAPTER  11  MANHOUR  SAVING  IN  DESIGN  ENGINEERING  2 

CHAPTER  111  MATERIAL  PROCUREMENT  5 

CHAPTER  IV  TECHNIQUE  FOR  SCHEDULING  10 

CHAPTER  v  APPLICATION  OF  PALLETIZATION 

CHAPTER  VI  RECOMMENDATION  PREPARED  BY  NASSCO  15 


lsbikew«[lnte-Hcric!S  Ktcrj-  lndctfrlt* 


PAGE  1 


ADDENDUM 

CHAPTER  I  -  PREFACE 

From  August  6  to  31,  1979,  IHI  engineers  stayed  at  NASSCO  for  presenta¬ 
tion  and  discussion  on  palletization  based  on  their  prepared  text  book 
"Palletization"  z  This  addendum  supplements  the  text  book  finalized 
through  discussions  with  NASSCO  people  and  covers  some  additional 
topics  discussed  in  the  meetings  for  review  and  reference. 

The  recommendation  prepared  by  NASSCO  at  the  end  of  out  stay  is  attached 
to  this  addendum  as  a  reference. 

It  should  be  stressed  that  we  wish  and  are  sure  that  NASSCO  will  enjoy 
conspicuous  improvement  in  productivy  if  all  NASSCO  people  from  the 
top  management  to  the  production  workers  fully  understand  the  concept 
and  procedure  of  palletization  as  presented  by  us  and  palletization  is 
gradually  implemented  according  to  the  detailed  program  to  be  carefully 
made  based  on  the  recommendations  with  necessary  modifications  thereto 
in  course  of  implementation,  if  any.  We  have  to  also  mind  you  that 
it  is  NASSCO' S  responsibility  to  decide  how  and  to  what  extent  pal¬ 
letization  shall  be  implemented  including  reformation  of  organization, 
application  of  pre-erection  outfitting,  selection  of  ships  and  zones 
to  which  palletizacion  shall  be  applied  (step  by  step),  education  and 
training  of  personnel  etc.  and  to  track  and  evaluate  the  results. 
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CHAPTER  II  -  MANHOUR  SAVING  IN  DESIGN  ENGINEERING 


Palletization  is  a  means  to  make  production  jobs  sj_mppe-  gy 
utilizing  palletization  systematically  jobs  can  be  shifted  from  the 
bands  of  trained  workers  to  those  of  untrained  workers. 


Practices,  "knowhows  and  many  other  knowledges  for  outfitting  which 
trained  workers  usually-have  are  transferee  to  untrained  workers 
through  explanation  of  the  drawings.  As  a  matter  of  factf  good 
productivity  is  almost  brought  from  good  drawing  which  is  productio 
oriented . 

This  means  actually  that  good  amount  of  information  for  production 

has  to  be  moved  from  the  work  force  to  the  design  office.  ,  ,  , 

A  deiesg 

has  to  spend  his  time  more  for  thinking  of  the  grouping  of  material: 

a  unit,  suitable  location  of  boundaries  between  the  groups  of  mater: 

the  best  seguence  for  installation,  additional  reinforcement  _ 

for  the 

unit,  location  0f  pipe  joints,  location  of  scafoldiag  etc. 

It  burdens  the  design  department  more  manhour.  Even  dp0Ugd  we  can 

save  comparatively  a  large  production  manhour  at  the  ,,, 

sacrifice  of 

design  department,  .i.e,  increase  in  design  manhour.  q£  course  we 

have  to  make  utmost  efforts  to  minimize  the  increase  ... 

m  design  manhc 

as  much  as  possible  by  rationalizing,  design  procedure  or  introductio 
of  improved  techniques. 

It  can  be  approached  by  following  ways: 
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Standardization 
Computerization 
Photographic  technique 
Reducing  number  of  the  drawings 
Editing  design: 

Standardization  is  one  of  the  most  useful  ways  to  reduce  the  design 
manhour:  when  it  is  applied  to  various  areas  relating  to  design/such 
as  material  design,  functional  design  calculation,  making, diagrams 
material  listing  for  a  pallet,  material  as  sembling  for  a  unit, : 
design  procedure,  vendors  drawings  if  possible  etc. 

Computarization  is  also  powerful  for  reducing  manhour,  when  it  is 
applied  to  production  oriented  design  such  as  material  listing,  pipe 
piece  drawing  and  its  material  listing,  electric  wiring  drawing  and 
its  material  listing  etc. 

Photograph  is  also  useful  especially"for  preparation  of  production 
oriented  drawings  such  as  making  composite  drawings  or  developing 
working  drawings  from  composite  drawings. 

Reducing  number  and  kind  of  drawings  is  also-ef fective  for  manhour 
savement . 

Design  manhour  is  approximately  in  direct  propotion  to  the  number  of 
drawings.  Principally,  production  oriented  design  requires  more 
number  of  drawings  than  convencional  design,  because  the  drawings 
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are  issued,  in  principle,  by  zone,  stage  and  trade  not  by  system  only 
But,  it  is  just  a  principle,  so  actually  the  drawings  by  zone,  trade 
and  stage  can  be  combined  into  one  drawing  if  the  place  is  not  conges' 

by  outfitting  materials,  For  example,  one  drawing  can  include  sever, 
zones,  stages  and  trades.  But  the  planning  (i.e.  making  drawing  list) 
should  be  so  made  asthe  combined  drawings  do  not  give  the  work  forces 
any  inconveniences  for  their  use  of  the  working  drawings  for  instal 
lacion . 

Now, .we  explain  a  concept  of  the  Editing  Design  . 

The  Editing  Design  is  one  of  the  approaches  to  reducing  design  manhoi 
as  well  as  keeping  good  design  quality  by  accumulation  of  experiences 
It  means  that  the  drawing  is,  as  much  as  possible,  completed  by  only 
edditing  standards  or  composing  parts  of  drawing,  are  wejj 

organized  to  reform  a  new  design  by  means  of  combination  of  the 
previously  prepared  standards  or  moduled  design.  In  0-t-pLer  words  t 
"Edditing  Design"  is  an  attempt  to  complete  a  drawing  by  paste  and 
scissors  instead  of  a  pencil  an(q  a  ruler. 
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CHAPTER  III  -  MATERIAL  PROCUREMENT 

1,  In-Time  Preparation  of  Materials 

One  of  the  key  points  to  improve  the  productivity  of  outfitting 
jobs  is  preparation  of  materials  in  time. 

If-we  can  prepare  all  materials  necessary  for  a  work  before  starting, 
we  can  easily  accomplish  the  work  by  the  most  productive  way  and 
save  manhour.  But  if  we  can  not,  the  missing  materials  will  not 
allow  the  most  productive  way  for  our  work  and  cause  the  idle  time 
for  waiting  the  coming  of  the  materials.  This  is  essential. 

If  material  preparation  is  perfect, .  the  productivity  could  easily 
go  up  without  any"  implementation  of  new  method  such  as  palletiza- 
t  i  o  n  . 

Good  material  preparation  can  be, achieved  by  a  good  material  control 
system  supported  by  people  in-all.  organization  throughout  the 
shipyard.  Because  good  results  can  only  be  produced  from  good  data 
which-are  fed  by  people  through  the  computer  system. 

Therefore,  people  who  relate  to  production  -  sales,  design,  material 
control,  planning,  scheduling  -  as  well  as  foremen  and 
workers  shall  have  high  interest  in  the  in-time  preparation  of 
materials  and  positively  contribute  to  their  role  to  be  done  in 
both  formal  and  informal  communication  route. 


Designer  shall  have  the  greatest  interest  in  the  material  procurement 
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The  material  procurement  starts  from  the  design  phase  -  material 
design,  vendor  evaluatim  selection,  material  listing  etc. 

For  example,  as  soon  as  a  contract  of  a  new  ship  is  awarded  to  tt 
shipyard,  the  initial  designers  (scientific)  have  to  list  the 


pariicular  materials  to  give  a  prior  notice  - 


to  the  people  ir 


detail  design,  material  control  and  production  department  because  to 
prepare  the  listed  materials  in  time  is  important  for  giving  the 
shipyard  profit. 


This  list  has  to  lise: 

Materials  which  have  long  lead  time, 

Materials  delay  of  which  must  give  a  considerable  negative 
impact  to  productivity, 

Materials  which  are  expensive, 

Materials  cost  of  which  would  be  abruptly  changed  in  near 
"  future,  etc. 


Some  times;  a  part  of  this  list 
between  a  shipyard  and  a  ship's 
ation  is  going  too  late  or  when 
materials  seems  to  be  difficult 
market . 


must  be  made  even  while  a  negotiat 
owner  is  going,  on,  when  the  aegoti 
the  in-time  preparation  for  some 
because  of  a  strong  seller's 


This  list  shall  be  made  by  the  help  of  the  people  in  material  cont 


and  production. 
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Material  control  people  shall  have  special  attention  to  these 
particular  materials  for  their  preparation. 

At  the  time  to  determin  priority  of  material  procurement,  all 
materials  shall  be  evaluated  very  carefully;  considering  two  points 
mainly  .  One.  is  the  cost.  If  some  particular  material  is  expensive, 
it  is  of  course  important  to  make  an  effort  to  reduce  the  cost  by 
negotiation  with  the  vendor  because  it  could  give  us  big  profit 
without  any  effort  in  production.  Another  is  degree  of  influence 
over  the  productivity  if  a  material  would  not  be  prepared  before 
starting  a  job.  In  case-that  some  material  is  one  of  the  parts 
located  at  the  end  of  an  assembly,  delay  or  lack  of  the  material 
during  the  work  does  not  cause  manhour  losses  so  much,  because  the 
jobs  can  be  continued  without  that  material  and  without  any  chahge 
of  work  sequences  regardless:  its  cost. 

But  if  the  material  is  located  at  the  center  part  of  the  assembly, 
delay  or  lack  of  the  material,  will  disturb  all  of  the  assembly  jobs 
and  cause  a  lot  of  idle  time  for  waiting  the  material.,  changing 
work  sequence  or  rearranging  work  order. 
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2.  Evaluation  of  the  Cost  of  Material 

When  a  vendor  is  going  to  be  decitied  by  its  offered  specificatio 
and  price  evaluation  of  material  cost  shall  be  carefully  done  b 
taking  consideration  of  both  material  cost-and  installation  cost^ 
It  is  noticed  that  person  in  charge  of  material  purchasing  has  a 
tendency-to  select  cheapest  material  ignoring  its  installation  co 
because  ofhistight  budget. 

People  in  production  should  have  much  interest  in  the  in-time 
preparation  of  material.  At  the  beginning  of  the  production  pla 
ning,  their  task  about  materials  is  to  let  the  design  people  kno 
what  materials  are  vital  for  their  installations.  During  the 
production,  they  have  to  pay  attetion  to  storing,  receiving  or 
manufacturing  situation  of  the  vital  materials  not  only  inside 
shipyard  but  also  manufacturers  shop  and  to  inform  material 
expediter  of  critical  delivery  date  to  keep  their  schedule. 

For  it  is  the  production  people  who  is  best  aware  of  the  importa 
of  punctual  receipt  of  materials  and  troubled  by  delay  of  maten 
most  seriously.  And  if  they  find  any  problems  in  material  prepa 
tion  (manufacturing,  receiving  from  vendors  or  storing)  they  h 
to  warn  the  material  expediter  of  the  problems. 

The  material  expeditor  must  always  track  situation  of  material 
preparation  and  if  any  problem  are  perceived  he  should  warn  the 
vendor  or  manufacturer  of  the  problem  without  delay  and,  at  the 
same  time,  inform  the  production  people  of  she  same  problems  for 
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them  to  cope  with  the  situation  by  adjusting  outfitting  schedule 
or  changing  job  sequence  in  well  advance.  Becacse  manufacuring  of 
marerial  has  wide  relationship  between  various  organzations  such 
as  shipyard  organizations  for  material  procurement,  vendors,  manufac- 
turexs,  raw  material  suppliers,  parts  suppliers  and  so  on. 
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CHAPTER  IV  -  TECHNIQUE  FOR  SCHEDULING 
(PERT  VS  BAR-CHART) 

For  scheduling  technique  of  today,  the  "PERT"  is  a  very  popular  methc 
as  well  as  the  conventional  bar-chart  method.  PERT  is  a  very  useful 
and  powerful  tool  when  it  is  applied  to  project  type  jobs,  for  examp] 
development  of  a  particular  technology,  research  for  some  manufacturi 
procedures,  inovacion  of  materials  etc.  be  cause  0f  reasons; 

1)  Activities  and  events  composing  a  network  can  not  be  defined 

previously.  Sometimes  new  activieies  are  added  And  originaliy 
scheduled  ones  deleted  while  the  job  is  carrying  Out  BEecause, 
in  the  project  type  job  planning,  nobody  can  completely  defi 
all  activities  beforehand  because  there  can  exist  many  un-known 
factors . 

Manhours  and  resources  required  for  completion  of  each  activity 
difficult  to  be  estimated. 

Sometimes  manhours  and  resources  allocated  to  the  each  activity 
are  positively  changed  to  comply  with  unexpected  matters  such  as 
unexpected  results,  discoveries  etc.  because,  flexibility  is 

the  most  important  thing  for  the  control  of  this  kind  of  jobs. 

?  'i 

The  critical  passes  are  not  clear,  because  the  network  for  these 
jobs  are  always  new  and  important  thing  is  study  of  network  . 


itself. 
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On  the  contrary,  when  the  PERT  is  applied  to  routine  type  of  jobs  such 
as  shipbuilding,  "PERT"  method  is  not  so  powerful  because: 

1)  Actities  and  events  composing  a  nerwork  are  usually  very  clear. 

2)  A  shipyard  has  many  experiences.  The  workers  are  continuously 
building  ships  in  proved  ways.  Planners  and  schedulers  know  all 
necessary  activities  and  events  in  detail.  Even  in  the  case  of  a 
new  type  ship  building,  all  they  have  to  do  will  be  only  partial 
correction  of  standard  schedule. 

3)  Manhours  and  resources  are  very  steady. 

We  have  good  parameter  for  the  manhour  calculation  and  know  well 
how  to  allocate  or  how  to  plan  resources; 

4)  The  critical  passes  are  clear,  because  we"  know  the  shipbuilding 

process  very  well,  through  many  experiences. 

In  addition  to  the  aboves,  the  bar-chart  type  scheduling  is  superior  to 
the  "PERT"  in  this  case  by  the  following  reasons: 

1)  Tracking  of  schedule  every  day  is  very  easy  and  we  can  easily  grasp 
progress  of  the  jobs  at  a  glance  of  the  bar-chart  type  schedule, 
which  is  not  so  easy  with  "PERT" . 

2)  On  the  PERT,  modification  and  adjustment  are  rather  easy  but  grasp¬ 
ing  the  situation  caused  by  these  modification  and  adjustment  are 


not  so  easy. 
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If  we  want  to  grasp-the  situation,  we  usually  have  to  use  an 
output  from  computer,  displayed  by  the  bar-chart  type,  which  : 
costly  and  takes  time, 

One  of  the  merits  of  the  PERT  is  flexibility  in  its  scheduling. 
But,  we  think,  too-much  flexibility  in  the  outfitting  control  is 
not  always  good.  Rather,  we  would  like  to  Say,  schedu 
stiff  gives-us  good  procductivuty  in  the  field  of  shipbuildingti 
Because  a  type  of  scheduling  such  as  outfitting  jobs  composed  of 
their  activities  which  are  not  much  different  in  importance  is 
liable  to  cause  delay  from  one  to  next,  like  the  domino,  if  the  ^ 
schedule  of  the  key  events  is  left  flexible,  which  should  be  fixe 
for  keeping  total  schedule. 

Consequently  ,  we  can  say  that  the  shipbuilding  scheduling  by  the  bar- 

chart  type  is  better  than  by  the  PERT  type. 
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CHAPTER  V  r  APPLICATION  OP  PALLETIZATION 

IHI  members  had  a  observation  of  the  destroyer  tender  under  construction 
at  the  pier  and  discussed  feasibility  of  palletization  at  NASSCO. 

And  we  noticed  that  the  palletization  is  applicable  to  the  engine  room 
and  the  protection  deck  we  observed  And  if  the  unit  outfitting  method 
is  applied,  productivity  can  be  improved  without  much  difficulty 
At  the  same  time,  we  found  that: 

1)  These  compartments  seem  to  have  enough  room  for  application  of 
the  unit  outfitting  method.  (Sometimes  it  requires  wider  room 
than  for  the  conventional  method) 

2)  Arrangement  should  be  more  production-orienteci . 

a)  Piping  should  be  grouped  and  run  close  to  machinery  which 
are  major  parts  of  the  unit. 

b)  Piping  should  be  run  as  straight  as  possible  and  parallel 
to  the  grating. 

c)  Pipe  bending  angle  should  be  limited  to  90  degree,  45  degree 
and  so  on.  (Sometime  ths,  .  production  oriented  arrange¬ 
ment  can  be  done  at  the  sacrifice  of  the  function  oriented 
arrangement) 

d)  Some  machines  which  are  installed  closely  shall  have  common 


foundation  instead  of  individual  ones. 
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3)  The  unit  outfitting  method  is~  effective  for  the  engine  room  and 
on-block  outfitting  for  the  protection  deck.  (Especially  for  ov 
head  outfitting) 


The  pre-outf itttig  method  does  not  seem  to  be  so  effective  for  t] 


accommodation  spaces  because  completion  of  jobs  (eg. 


installatic 


of  furnituresl)  at  early  stage  and  protection  of  furniture; 


from  damage  during  hull  construction 


are  difficult. 


*L  )  Because  the  hirthes  have  to  be  fixed  both  on  the 
deck  and  the  ceiling. 

Complete  application  of  the  palletization  presupposes  complete  orgzni 
tion  which  is  production-oriented  and  prepared  for  the  palletizazion . 


On  the  way  to  the  final  target,  tpg  organization  must  meet  with  many 

problems  and  difficulties,  especially  in  getting  people  to  have  right 

understanding  and  consensus  for  new  system.  _  . 

For  example,  even  a  draft 

has  to  know  What  does  this  MLF  mean?"  or  "How  does  delayed  issue  of  M 
affect  to  the  production?" 

It  would  result  in  confusion  in  many  fields  to  try  to  implement  pallet 

zation  in  full  scale  from  the  very  begining.  ,  ,  , 

Instead,  if  implementa¬ 
tion  of  the  palletization  is  so  planned  as  to  expand  gradually  from 

small  portion  ship-by-ship,  for  example,  .  ,  ,,  , . 

r  r-  j  r-f  r  i  engine  room  for  the  first 

ship,  engine  room  and  protection  deck  for  the  second  ship  and  so  on, 
implementation  will  be  successfully  accomplished  without  my  big  trotiJ 
but  with  solving  problems  by  your  hand  on  the  way. 

The  gentle  implementation  would  be  better  than  the  rash  implementation. 
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CHAPTER  VI-  RECOMMENTATION  PREPARED  BY  NASSCO 

For  reference,  we  attach  hereto  the  document  "PALLETIZATION"  which  is 
prepared  by  your  Program  Management  Office  based  on  our  presentation 
as  recommendations  to  NASSCO' s  top  management. 

Followings  are  the  contents. 

1.  DEFINITION 

2.  RECONMENDAT IONS 

3.  IMPLEMENTATION  PLANT 

4 .  PALLETIZATION  FLOW  CHART 

5.  SCHEDULE  CHART  (REINED) 

6.  SCHEDULE  CHART  (DISCU_SED) 


PALLETIZATION 


1.  DEFINITION 

Palletization  is  simply  a  concept  to  organize  materials  as  they  will  be  used  i 
the  shipbuilding  process.  Implementation  c£  a  palletization  system  demands  kr 
ledgeable  preplanning  at  the1  very  onset'  of  a  contract.  It  is  this  detailed  ad 
vanced  planning  by  experienced  shipbuilders  that  provides  the  following  benefi 
-  a.  An  advanced  bill  of  material  organized  to  facilitate  earlier  procureme 

b.  Visibility  for  zone  outfitting,  I.e. ,  on-unit,  on-block,  and  on-board. 

c.  Integration,  of  information  between  departments  (Engineering ,  Productic 

Materials). . 

d.  Defines  production  responsibility  (lead  trade  concept) . 

e.  Results  in  production  oriented  drawings  reflecting  the  most  economical 

■  shipbuilding  methods  (composite  cravings) . 

•  f .  Collects  specific  outfitting,  materials  necessary  for  production  person 
to  complete  a  defined  increment  or  work  (work  package)  . 
g.  Assures  consistency  of  all  schedules  from  the  top,  down. 

2.  RECCMvENEATICNS 

That  NASSCQ  adopt  the  IKT  palletization  concept  as  outlined  herein  by  appoint! 
a  committee-  to  develop  system  procedures  §  documentation.  Concurrently  to  sys 
development,  it  is  also  recommended  that  the  principles  of  palletization  be  ap 
to  the  T  ARC  7  contract  to  a  limited  degree  to  include  only  the  machinery  spac 
the  auxiliary- machinery  space  and  the  accomodation  areas  of  the  ship. 

3.  BIPIEMENTATICN  PLAN  (system  development  S  application  to  T  ARC  7  Contract) 
a.  Establish  a  conmittee  with  the  following  responsibilities: 

o  Develop  format  for  advanced  §  final  bill  of  material 
o  Determine  pallet  size  §  pallet  numbering  system. 

■  o  Assure  comparability  with  existing  systems. 
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o  Act  as  Chairman  for  palletization  meetings  1 

0  Develop  standard  practice  &  system  documentation. 

0  Assure  consistency  with  all  current  company  policies  and  procdures. 

0  Institute  training  to  assure  all  departmets  are  suffciently  indoc- 
trained  with  the  principles  &  goals  of  pallet izaiton 

o  Study  applicability  to  Carlsbad  §  AD-44  contracts. 

0  Monitor  departments  for  compliance  to  plan, 
b .  Engineering 

0  Develop  arrangement  drawings  $  system  diagrams. 

o  Prepare  advanced  bill  of  material  (MLS)  from  system  dia.grms  Advanced 
B/M' s  by  SYSTEM  by  ship  zone  will  result  in  earlier  procurement  Of 
materials 

0  Design  Engineers  to  develop  preliminary  composites  for  each  zone  to 

determine  system  routing.  Preliminary  composites  to*  be  used  to  determine 
candidates  for  "on-unit"  and  "an-block"  construction.  Organise  meetings 
with  production  engineers /planning  department  to  determine  "on-unit"  and 
"on-blodc"  construction. 

0  Develop  final  composite-' drawings . 

0  Develop  system  drawings  from  final  composites,  if  required.  Develop 

supplemental  working  drawing  for  "on-unit"  and  "on-block'  construction 
as  required  by  production. 

o  Prepare  final  bill  of  materials . 

0  Investigate  restructuring  of  Engineering  Dept 


cl  PRODUCTION/PLANNIN6  5  PROEUCITCN  CONTROL 
o  Establish,  a  production  engineering  group.  Advanced  planning  accent  1 
by  a  combined  effort  of  design  and  production  engineers  requires  a 
thorough  understanding  of  economical  shipbuilding'  methods .  Pslletit 
‘  of  material  (purchased  and/or  manufactured)  requires  the  following  i 
.nation: 

1.  Zone  -  Where  does  the  material  go  within  the  ship? 

Z.  Trade  -  Who  installs,  the  material?  Who  is  responsible? 

3.  Stage  -  What  stage  of  construction  is  the  material  installed? 

Competent  production  engineers  will  provide,  the  answers  to  the  above 
■  • 

'  questions  thereby  assuring  the  most  efficient  construction  methods. 

Therefore ,  the  production  engineer  will  - 

o  Define  and  schedule  the  contents  of  the  pallet.  Pallets  to  be  strut 

(as  indicated  above)  by  tone,  by  lead  trade,  and  by -stage  of  constru 

•  •  • 

Lead  trades  are  defined  as: 

Shipfitter  *  hull  structure,  miscellaneous  outfitting  items. 
Pipefitter  -  piping  systems. 

.  S/M  fitter  -  ventilation. and  selected  outfitting  items. 

Machinist  -  machinery  installation.. 

Electricians  -  electrical 
Rigger  -  rigging 

o  Review  and  approval  of  preliminary  and  final  composite  drawings.  Gen 
Superintendent  to  be  responsible  for  preliminary  and  final  composite 
drawing  approval. 

o  Develop  the  lead  trade  concept.  3y  definition.,  each  pallet  would  as 
trade  responsibility.  Palletitaticn  provides  a  clear-  understanding 
responsibility  and  authority. 

*-  o  With  assistance  from  the  facilities,  dept. ,  develop  an  "on-unit'*  cons 
area  staffed  with  the  required  trades  reporting  to  a  single  supervis 
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o  Structure  all  material  in  the  S3ARDXS  system  in.  accordance  with  the 
'  pallet  concept,  i.e. ,  tone/lead  trade/stage  of  construction, 
d.  MATERIALS 

o  Develop  material  "lead,  time"  history  for  establishing  preliminary  bill 
of  materials  OHS)  •> 

o  Define  (with  assistance  from  the  facilities  dept)  requirements  for  a 
marshalling  area,  possibly  two  (2)  adjacent  areas;  one  for  purchased 
material  and  one.  for  manufactured  parts, 
o  Palletize  and  issue  material. 

o  Develop  awareness  of  the  importance  of  the  material  schedule.  Pallet- 

•  . 

ization  concept  will  function  only  if  all  materials  are  in  the  shipyard 
vmen  needed  by  production.  Missing  materials  must  be  minimal. 

4'.  ADDITIONAL  RECCM^iILATIQ^/ASSG'lPTIC^S 

Additionally  anc  in  support  of  palletization,  the  following  recommendations 
and/or  assumptions  axe  provided: 

a.  That  NASSCO  significantly  increase  "on- unit"  and  "on-block"  constructicn. 
A  prerequisite  for  "on-block"  construction  assumes: 

1.  Construction  of  large  three  (3)  dimensional  hull  blocks  suitable 
,  for  pre-erection  outfitting 

2.  implementation,  of  Accuracy  Control 

b.  Development  of  Standards 

c.  Develop  a  policy  for  vendor  selection,’  i.e,  evaluate  total  cost 
(including  production  labor)  to  shipyard. 

d.  Investigate  IHI ' s  pipe-  piece  program. 
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A  SURVEY  REPORT  ON  SHIPBUILDING- 
PROCEDURE  AT  NASSCO 


1.  PREFACE 


This  report  was  made  by  IHI  in  accordance  with 

the  NASSCO  Purchase  order  No.  90997  . Item4 

"Dispatching  IHI ' s  Engineers  to  NASSCO". 

The  survey  at  NASSCO  was  conducted  from  August  16, 

1979  through  August  28,  1979  by  IHI  team  headed. 

by  T.  Ishibashi  and  accompained  by  S.  Kohtake  and  .  . 

K.  Noguchi. 

The  survey  for  improvement  focussed  on  the  pro¬ 
duction  field  as  the  source  of  the  shipbuilding 
business  among  many  aspects  such  as  sales,  pur¬ 
chasing  and  many  others.  The  survey  vjas  done 

through  the  observation  of  the  shipyard  and  hear¬ 
ing  from  the  related  personnel  of  NASSCO. 


2.  THE  LAYOUT  OF  THE  SHIPYARD 

The  area  of  the  site  at  NA.SSCO  (1*15  acre)  is  about 
1.5  times  as  large  as  that  of  the  IHI-XURE  (9°  ac¬ 
re)  and  it  is  wide  enough  to  maintain  its  s-teel 

fabrication  of  7,000  tons  per  month.  However  the 
storage  area  of  materials  and  completed  hull  unit 

were  found  not  being  well-arranged.  Planning  and 
administration  for  usage  of  the  site,  area  including 

transportation  should  be  improved. 

It  is  important  in  this  subject  to  harmonize  the 
long  ranged  planning  (for  several  years)  and  the 
short  ranged  operation  (weekly  or  daily) .  Therefore 

IHI-recommends  to  reinforce  the  responsible  organ¬ 
ization  for  better  planning. 

£1  Daily  storage  schedule  for  completed 

hull  units  and  pallets  even  scrap 

bags. 


Following  are  the  problems  found  on  the  layout. 


2-1)  Building  dock  and  building  ways 

It  would  be  better  to  shift  both  the  houses 
with  roof  and  the  area  .for  scaffolds  located 
at  the  dock  side  to  another  place,  because 
the  covering  area  of  the  cranes  for  erection 
is  useful  for  units  storage. 

The  sheet  iron  shop  fabricating  ducts  and 

vents  can  be  easily  shifted  to  the  side  of 
the  shipyard  or  the  outside  of  the  shipyard 
since  they  are  light  and  easy  to  carry. 


Taking  account  of  advantage  to  keep  enough 
storage  -area,  assignment  of  the  building 
dock  and  the  building  v:ays  is  recommended 
to  follow  the  next  priority  :  #1  building 

dock  -  #3  building  way  — ►  building 

way/# 2  building  way .  Because  following 
this  sequence,  both  sides,  of  the  building 
dock  or  the  building  way  can  be  effectively 
used  as  the  storage  area  for  the  completed 
assembly  units  and  as  the  area  for  pre- 
, outfitting. 


2-2  )  pipe  shops 

The  present  flow  of  pipe  fabrication  at 
NASSCO  is  discontinue  because  of  being 

separated.  In  order  to  raise  its  produc¬ 
tivity,  it  is  recommended  to  rearrange 
those  shops  so  as  to  make  the  smooth  flow 

from  the  storage  area  of  pipe  material 
through  the  area  for  pipe  pallet. 


2-3  )  The  flow;  of  hull  construction 

The  process  of  parts  fabrication  and  unit 
assembly  of  ship' s  hull  is  rather  long 
and  complicated.  In  order  to  simplify  the 
process,  the  following  studies  are  sug- 
e  s  t  e  d  . 

2-3-1)  Toestablish  the  idea  of  "Sub-as¬ 
sembly"  and  to  set  up  the  specialized, 
"sub-assembly  yard"  : 

The  "Sub-assembly"  referred  herein 
means  "small  assembly"  before  as- 
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senbly  such  as  web  francs  girders  and 
large  brackets  with'  stiffeners . 

To  keep  the  specialized  "Sub-assembly 

yard",  work  shops  for  bollards  and, 
ladders  can  be  shifted  to  another 
place  out  of  the  fabrication  shop. 

In  addition,  taking  account  of  smoot 
transportation,  the  stock  yard  for 
small  subs  and  semiprocessed  goods 
which  are  located  at  the  opposite 
side  of  the  assembly  area  in  the  . 
fabrication  shop  ;  should  be  shifted 
to  the  nearer  place. 


2-3-2)  Bending  rollers  and  press  machines 
From  viewpoint  of  adjusting  the  work 
load  forbending  machines,  it  is  re¬ 
commended  that  these  machines  are 
gathered  to  the  same  place  so  far  as 
smooth  production,  flow  is  not  distu- 
b  e  d 

Present  layout  at  NASSCO  for  this 
field  is  needed  to  rearrange  in 
consideration  of  implementation  of 
Line  Heating  Technology.  For  that 
improvement,  Some  dynamic  Simulation, 
and  study  based  on  the  volume  of  the 
work  load  are  requested.  Regarding 
this  IHI  can  assist  if  ordered. 
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3.  FACILITIES 


Following  matters  on  the  facility  should  be  care¬ 
fully  studied  as  well  as  the  improvement  of  work¬ 
ing  practice  and  layout  IHI  recommends  to  make 

use  of  IHI ' s  experience  and  achievement. 

3:1)  Implementation  of  the  One  Side  Welding 
equipment  for  a  flat  panel  unit 

Since  there  are  merits  and  demerits  de¬ 
pending. on  the  welding  method  as  described 
below,  careful  study  and  selection  is.neces- 
ary . 

Adjusting  and  operating  the  equipment 
require  certain  skill.  Repair  works 
are  sometimes  requested  after  welding. 
Edge  preparation  at  the  welded  surface 
requests  a  certain  level  of  accuracy. 

Alternate  method  should  be  considered 
in  the  time  of  its  machine-down. 

-selection  of  the  welding  methods  should 
be  made  comparing,  their  merits  and  de¬ 
merits  : 

o  FOB  Process 

(Flux  Copper  Backing  one  side  sub¬ 
merged  arc  welding) 

o  RF  Process 

_  (RFrl  Flux  one  side  submerged  arc 
welding) 

o  FAB  Process 

(Flux  Asbest  Backing  one  side  sub¬ 
merged  arc  welding) 
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IHI  recommends  to  adopt  first  FAB  pro¬ 
cess  for  which  no  additional  equipment 
is  needed. 

In  Japanese  shipyards,  the  one  side 
welding  .was  adopted  to  prevent  the 
building  for  plate  assembly  yard  from 
becoming  high  for  turning  over  the 
panel  as -the  size  of  unit  becomes 
larger  and  to  establish  the  conveyer 
system. 


3-2)  Implementation  of  the  EPM  system 
(Electro  Photo  Marking  systen) 

3-2-1)  Characteristics  or  the  EPM  system: 

Since  the  EPM  system  brings  high  pro¬ 
ductivity  per  area,  it  is  suitable  for 
the  shipyard  of  which  site  area  is  nar¬ 
row.  in  addition,  the  EPM  seems  to  be 
the  best  machine  to  transfer  the  in  - 
formation  amd  data  for  production  such, 
as  edge  preparation,  stiffeners  locat¬ 
ion,  plate  thickness  shifting  direction, 
stiffeners  fitting  'angle,  leg  length  of 
stiffeners  welding  and  many  others  as 
well  as  parts  name.  This  characteristics 
is  especially  effective  for  repetitive 
construction.  From  such  reason,  many 
Japanese  shipyards  installed  the  EPM 
system,  which  is  still  in  now  use. 

However,  the  implementation  of  the  EPM 
to  HASSCO  is  not  aggresively  recommend¬ 
ed  by  lill  from  the  following  problems. 
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3-2-2)  The  problems  of  the  5?M  system  : 

-  Since  optical  projection  error  is 
unavoidable,  the  vital  dimensions  • 
such  as  the  depth  of  floors  are 

needed  to  be  checked  after  the  EPM 
process . 

-  in  order  to  keep  clear  pictures, 
uniform  quality  of  drawn  lines  on 
the  negative  films  are  required. 

For  that,  a  NC  drafting  machine  is 
indispensable.  The  drafting  machine 
at  the  Mold  Loft  of  MAS SCO  is  not 
adequate,  therefore  a  new  machine 
should  be  installed. 

-  The  chacters  and  lines  are  scn=- 
times  projected  ambignously  on  the 
steel  plates  which  are  not  treated 
with  shop  primers . 

-  its  running  cost  is  not  cheap, 
because  the  spreading  powder  (called 
photoner)  is  expensive. 

-  The  computer  program  for  drafting  is 

needed  to  add  some  features  in  order 
to  make  EPH  system  effective. 

Some  additional  burning  tools  by 
hand  should  be  prepared  such  as  : 

straight  guide  rails,  magnetic 
tracers  and  semi-automatic  burning 
tools . 


-  There  are  several  combinations 
the  total  EPM  system  with  conve 
and  platform  cars .  In  order  to 


the  type  and  to  install  the  system, 
a_ deep  study  for  layout  and  production 
process  is  required.  •* 

3-3  )  Implementation  of  Pin-jig  system 

The  Pan- j ig  system  is  the  most  fundamental  to 
fabricate  a  curved  shell  unit  in  high  grade 
of  accuracy.  The  existing  pin-jig  system  at 
HASSCO  is -urgently  needed  to  be  improved. 

The  Pin-jig  system  can  be  also  used  with  the 
Multi-burners  Line  Heating  Machine.  I  HI  has 
the  same  type  of  the  Pin-jig  system  at  the 
Tokyo  shipyard.  IHI  recommends  for  HASSCO  to 
install  this  type  of  the  sys.tem.  With  respect 
to  this,  more  details  are  presented  in  the 
chapter  6  of  this  report . 


3-*0  The  NC  frame  bender  newly  developed  by  HASSCO 

Since  the  HC  frame  bender  newly  aevelooed  by 
NASSCO  was  not  yet  in  practice,  it  is  not 
easy  to  state  any  comments  at  this  momenu . 
However  IHI  recommends  to  confirm  the  fol¬ 
lowing  matters  before  practice. 

-  Accuracy  at  both  ends  of  a  bent  frame 
because  these  parts  can  not  be  accu¬ 
rately  bent  by  its  theory.  Concrete 
counter-measurements  for  that  and  sh¬ 
aping  method  after  the  process  should 
be  established. 

-  The  control  of  the  neutral  axis  of 
plastic  deformation 


Checking  method  after  bending 

3-5  )  The  existing  NC  burning  machine 

For  accuracy  control  of  pieces ,  following 
should  be  confirmed  : 

Investigate  the  nachinery  accuracy, 
record  and  adjust 

Establish  the  Maintenance  procedure 
and  execute 

Consider  the  nesting  scheme  and  cutting 
sequence  to  minimize  deformation  by 
heat  distortion 

Study  to  change  the  marking  equipment 
from  "Center-punched  marking"  to  "LINE 
narking" 


3-6  ).  The  existing  Flange  Press  Machine 

To  set  the  flange  edge  stopper  for 
higher  grade  of  accuracy. 


Stopper 


/' 


To  prevent  lacking  at  the  flange 
corner,  larger  radius  is  recommended. 
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Standardize  design  of  flange  and  sta?-id- 
ardize  production  practice 
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*J.  ENGINEERING 


Design  structure*  of  ship's  hull 

* 

Flange  system  is  one  of  the  characteristics 
of  design  structure  of  ship's  hull  at.  NASSCO. 

IHI  ceased  to  apply  the  system  twenty  (20) 
years  ago  except  at  flange  'bracket  but  a- 

dopts  the  face  plate  system  instead  by  the 
following  reasons.  From  viewpoint  of  struc-. 
tural  design,  the  face  plate  system  is  su-  .  . 

perior  to  the  flange  system.  :And  the  face 

plate  system  can  save  weight  to  keep  the 
same  strength  compared  with  the  flange  sys¬ 
tem.  In  addition;  the  face  plate  system  has 
another  merit  that  the  location  Of  erection 
joint  can  be  decided  more  flexibly  for  easy 

shipwright  comparing  with  flanged  girder 
connection . 

The  flange  system  may  be  cheaper  than  the 
face  plate  system  for  NASSCO  at  present. 

Because  no  welding  Work  at  the  face  plate 

is  necessary.  However  it  is  recommended  to 
■  adopt  the  face  plate  system  instead  of  the 
flange  system  from  the  reasons  described 

above 


4-2 )  Working  drawing 

From  the  viewpoint  that  working  drawing  is  to 
display  the  structure  details  ba$ed  on  the 
i/Srg6o  as  i/O  ho *•/  to  assemble  a  unit  and’  hov.r 
to  construct  ship’s  hull,  the  following  po¬ 
ints  are  recommended  to  be  improved.  Most  of 
following  problems  can  be  improved  by  stan¬ 
dardisation. 


4-2-1)  Structure  details  around  the  erection 
joints  : 


The  shift  of  erection  joints  between 
the  skin  plates  and  the  internal  mem¬ 
bers  should  be  changed  for  easy  con¬ 
nection  and  for  easy  shipwright  as 
well  as  for  saving  welding  length. 

Tine  flavge  direction  of  the  internal 
members  and/or  the  position  of  the 
erection  joints  at  the  skin  plates 
should  be  changed  so  as  to  prevent 

"insertion  shipwright”  due  to  inao- 
propreate  flange  direction. 


-  The  fitting 


acs 


and  the  brackets  to 


of  the  stiffeners 
the  web  plate 


sn- 
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ould  be  selected  so  as  to  minimise. 

,  ^ 
the  short  pieces  fitted  after  ship¬ 
wright  . 
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4-2-2  )  To  minimize  scallops  : 

The  scallops  should  be  minimized  be¬ 
cause  of  uneffective  fillet  welding  by 
hand  at  the  corner  of  the  scallops  and 
the  convenience  of  painting.  Thefore 
the  scallops  should  be  set  in  the  fol¬ 
lowing  limited  cases  : .  the  place  re  - 
quested  air  escape  and  water  stop  and 
the  place  where  welding  must  be  through 
later . 

To  solve  this  problem,  following  consid¬ 
eration  can  be  available.  When  .all  piec¬ 
es  and  subs  are  simultaneously  landed 
and  then  assembled,  no  scallops  is  needed. 
■When  some  internal  members,  such  as  lon¬ 
gitudinal  frames  are  welded  first  and 
then  the  other  members,  such  as  web. 
frames  are  landed,  corner  snips  can  be 
applied  at  the  fillet  welded  pars  in- 
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4-2-3)  The  pieces  of  outfitting"  : 

-  LA.,  large  duct  in  the  pump  room  can  be 

assembled  as  the  part  of  the  ship' s 
hull,  because  its  plate  thickness  is 
thick  enough  (1/4"). 

-  The  structure  of  the  bollard  can  be 

more  simplified  .The  bottom  plate  of 

it  has  four  curved  surfaces  at  NASSCO, 

however  this  structure  can  be  more 
simplified . 

4-3)  Expression  in  the  working  drawings 

From  the  viewpoint  that  the  working  drawings 
should  contain  only  necessary  informations 

in  easy  expression,  it  is  recommended  to  re¬ 
view  the  contents  and  expressing  method  of 
the  working  drawing  at  NASSCO,  For  “that,  the 

survey  on  "what  informations  .nsaj  bv  whom 
and  how?"  is  needed.  The  tedious  expression 
affects  bad  effects  such  as  difficult  follow 
to  design  change,  complicated  appearance  and 

wasting  man  hours. 

Following  is  recommended  by  IHI  to  simplify 
the  expression  in  the  working  drawings. 

Establish  expression  standard  and  issue 
the  standard  booklet  to  be  referred  by 
its  users 

-  Build  the  standard  in  the  computer  pro- 
jugramcfor.-.tbeuthorpughcapp-lication 

-  Describe  the  promised  symbols  in  the 
working  drawings 


-Example  of  the  concrete  obj  ects 


o  Leg  length  of  fillet  welding 

o  Welding  method 
o  cutout  (slot) 

o  End  shape  of  stiffeners  2nd  sections 
o  Type,  of  valve 


4-4  )  To  install  the  computer  program  of  Pipe 
Piece  Drawing  and  Pipe  fabrication 

IHI  has  developed  a  series  of  computer  pro¬ 
grams  of  pipe  fabrication.  Using  the  calcu¬ 
lation  results  of  the  Pipe  Piece  Drawing, 
editting  of  the  fabrication  lot,  making  the 
cutting  plans  and  scheduling  of  pipe  fabri¬ 
cation  are  now  in  practice.  The  input  work 
for  the  Pipe  Piece  Drawing  program  from  the 
piping  arrangement  plan  is  very  easy  to 
learn . 

It  is  recommended  to  study  installation  of 
the  computer  system  together  with  the  plan¬ 
ning  of  the  new  pipe  shop  and  palletization. 
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5.  COMPUTER  SYSTEMS 

Many  big  computer  systems  are  now  used  in  many 
fields.  The  computer  program  itself  can  be  seen 
in  high  grade  so  far  as  computer  technology. 

However  its  applying  method  for  practical  use 
based  on  the  actual  production  process  should  be 
improved.  Those,  system  shall  be  fruitful  when 
the  following  problems  are  solved. 

5  -  1  )  Improvement  of  output 

Much  computer  output  sheet  were  found  being 
piled  up  without  being  refered.  Distribution 
of  output  sheet  should  be  limited  since  many 
display  terminals  have  been  already  installed 
and  through  which  necssary  information  can 
be  inquired  at  the  required  time. 

For  easy  reference,  output  should,  be  ex¬ 
pressed  in  the  form  of  ban  chart  and  curve 
graph  as  much  as  possible  instead  of  alpha¬ 
bet  and  numbers . 


5-2)  .  The  system  to  be  more  production  oriented 

To  make  the  computer  system  fruitful  for  its 
users,  the  system  should,  be  more  production 
.  oriented.  Taking  SPADES  system  and  the  sch¬ 
eduling  function  of  SPADES  a  examples, a 
.  few  problems  are  pointed  out  as  follows  : 

5-2-1)  SPADES  system  : 

SPADES  is  to  be  the  nucleus  syfrsn  to 
support  the  hull  construction  field. 
According  to  further  investigation  by 
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IHI  engineers,  each  module  can  be  seen 
generally  good  enough  to  cover  its  pri¬ 
mary  purpose.  However  a  study  of  how  to 
use  each  module  is  urgently  requested 
to  fulfill  the  needs  from  accuracy  con¬ 
trol  and  line  heating  technology.  It 
does  not  necessarily  mean  to  change/ 
improve  the  computer  program  itself  but 
to  consider  the  usage  to  match  the  re- 
uest . 

-  Rearrangement  of  the  Users  manual  : 
The  users  manual  of  the  SPADES-system 
is  too  general  for  the  users  of  Eng¬ 
ineering  department  and  Mold  loft . 
Because  the  manual  was  editted  and 
distributed  to  the  all  user  shipyards 
of  which  design  practice,  production 
practice  and  grade  of  skill  are  dif¬ 
ferent  from  each  other.  It  is  natural 
for  the  users  to  have  the  manual  of' 
their  own. 

Especially,  NASSCO  is  going  to  promote 
accuracy  control  and  line  heating  as 
the  basic  technology  to  support  ac¬ 
curacy  control  for  curved  shell  unit. 
What  should  be  kept  in  mind  here  is 
the  fact  that  these  activities  are 
proceeded  by  the  output  from. the  com¬ 
puter  program,  SPADES,  as  the  media 
for  information  transmission . In 
other  words,  the  manual  for  the  input 
data  to  derive  the  necessary  infor¬ 
mations  from  the  system  and  to  in-'., 
elude  those  information  in  the  output 
is  very  important.  And  also  through 
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this  activity,  the  idea  for  impro¬ 
vement  of  the  system  itself  can  be 
imaged  up. 

Rearrangement  of  the  output  : 

For  the  convenience  of  production, 
the  outputs  should  be  completed  by 
themselves.  If  necessary,  additional 
informations  should  be  included  b^ 
hand  writing  ;  it  means  production 
people  do  not  need  to  refer  to  another 
reference  or  another  kind  of  output. 

When  several  kinds  of  output  are  ne¬ 
eded  such  .as  curved  shell  assembly 
on  pinjig,  those  should  be  put  to¬ 
gether  . 

Refinement  of  the  programs  for  curved 
shell  : 

According  to  further  investigation  by 
IHI  engineers,  the  modules  of  PINJI 
and  PLATDV  of  SPADES  are  not  neces¬ 
sarily  enough  for  precise  development 
and  bending  of  plates  and  for  precii 
positioning  and  checking  at  plate  as¬ 
sembly  on  pinjig  Some  of  them  can  be 
supplemented  by  using  together  with, 
the  "Manufacturing  Aids"  module  of 
SPADES,  however  the  others  have  to  be 
obligated  to  add  required  data  by 
hand. 

It  is  recommended  to  refine  those  pro¬ 
grams  in  the  future  after  recognition 
of  the  said  problems  through  practice 


use . 
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■  5_2_2  )  xhe  scheduleing  function  of  SPARDIS  : 

The  scheduling  program  at  NASSCO  was 
observed  to  be  good  enough  for  grasping 
the  current  status  of  the  production 

process,  however  it  seems  not  to  be 
practical  so  far  as  the  function  Of 

planning  is  concerned.  This  kind  Of 
system  is  requested  to  be  a  good  tool 

for  the  production  cycle  Plan  . 

-Do  ...  >See . >Action  .  -  If  its 

usage  is  not  appropriate  nor  practical, 
the  result  brings  contusion  only.  . 

For  smooth  implementation  Of  the  com¬ 
puter  scheduling  system,  it  is  recom- 
nended  that  the  managers  of  each  level 
plan  the  master  schedule  by  himself 
and  trace  it  by  hand.  Through  this,  they 
can  reconize  the  current  status,  the 
capacity  the  neck  points  and  critical 
path  of  their  own  field.  In  addition, 
communication  between  different  levels 
and  between  different  departments  can 
be  easy  by  adjusting  the  nester  schedules 
at  the  time  of  planning  and  tracing. 

After  the  hand-made  scheduling  system 
is  well  done,  the  computer  scheduling 
system  can  be  installed  standing  on  the 
procedure  confirmed  by  the  manual  sch¬ 
eduling  . 


5-3)  Establishment  of  the  parameter  of  the  work 
volume  . 

For  grasping  the  present  status  and  evalua¬ 
tion  of  the  productivity  as  well  as  planninga 


the  parameter  of  the  work  volume  should  be 
selected  to  be  proportionate  to  the  actual 
work  volume  as  possible. 

Weight  is  the  only  one  parameter  for  hull 
construction  at  NASSCO  but  it  is  not.  enough 
to  express  the  work  volume.  IHI  recommends 
to  use  it  together  with  another  parameter 
expressing  welding  works  such  as  welding 
length  and  weight /volume  of  welding  depos- 

ite  metal.  (ml  adopts  deposite  meter)  .  This 
parameter  should  be  selected  So  be  easy  to 
calculated  by  the  computer  program  with  simple 
input  data  from  the  drawings. 

5-*0  Piece  mark  system  (Code  system) 

The  drawing  number,  piece  name  and  stage  code 
are  expressed  with  many  numbers  of  alpha¬ 
numeric  character.  These  code  are  too  long 
to  write  at  every  phase  from  making  working 
drawing  through  ppe  fj_na]_  product.  In  fact, 
following  was  observed  in  the  production 
field  : 

After  welding  of  the  name  plate  to  pipes, 
the  code  for  piping  system  and  assembling 
stage  are  additionally  described  with  a 
pen . 

Piece  name  is  written  in  the  small  pieces 
of  Ship's  hull  with  a  pen.  It  is  diffi¬ 
cult  to  write  in  the  1/10  scaled  film 
for  the  EPM  if  NASSCO  installs  the  EPM 
system:  . 


IHI  recommends  to  make  short  the  code  system 
by  the  following  study: 

o  To  use  the  code  in  the  plural  levels 

o  To  give  a.  certain  significance  to  the 
code  (promised  code) 

"If  this  change  Of  the  code  system  is  not  easy 
for  the  computer  system3  conversion  between 
the  nominal  code  for  human  being  and  the  o- 
riginal  code  for  the  computer  can  be  performed 
by  a  simple  computer  program.  This  method 
makes  the  system  change  minimun. 
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6.  PRODUCTION  METHOD  AMD  V/GRKMANSHIP 

^sj~Q]][rnGndati^n__in__cjiis  chanter*  ar*e  very  vlt&l  g.nd 
will  surely  contribute  to  high  productivity  if 
applied  at  NASSCO 

6-1  )  Hull  units  Of  Fore  and  Aft  parts  of-a  ship. 

Larger  units  should  be  adopted  for  the  cu¬ 
rved  fore  and  aft  parts  of  a  ship. 

NASSCO  has ; facilities  enough  for  ha-idling 
the  larger  units  of  same  size  with  the  ones 
of  parallel  part  of  :a  ship  now  being  handled. 
'Application  of  larger  units  to  decrease  "num¬ 
ber  of  units  will  conspicuously  save  erection 
manhour  and,  in  addition,  assure  easy  and 
effective  pre-erection  outfitting  on  block. 
For  smooth  application  of  the  larger  units 
to  the  curved  parts,  however,  higher,  accu¬ 
racy  in  fabrication  and  assembly  together 
with  simplification  of  erection  joints  for 
easy  erection  are  indispensable,  which  pre¬ 
supposes  accuracy  control  based  on  standard 
design . 

6-2  )  category  of  Hull  units  and  Assembly  Yard 

Hull  units  should  be  categorized  into  fol-  • 

lowing  three. by  uniquencess  of  their  st- 
.ructure  or  assembling  method. 

(A)  Flat  panel  unit.  ;  A-  unit  mainly 

composed  or  flat 
panels  to  be  jo¬ 
inted  together  on 
the  platen. 

(B)  Curved  panel  unit  ::A.unit  mainly  com¬ 

posed  of  curved 

panels  to  be  join- 
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ted  together  on  the 

pin  jigs. 

(c)  Three  dimensional  A  unit  other  than 

above  (A)  and  (E) 
or  -a  combination 
unit  of  (A)  and  (B) 

The  idea  of  subassembly  is  recommended  to 
establish. 

The  assemblhy  yard  shall  be  arranged  accord¬ 
ing  to  the  category  of  hull  units  and  sub- 
assembly.  Tine  assembly  sites  for  the  curved 
panel  unit  and  three  dimensional  unit  are  - 
compatible  but.  the  site  for  the  three  dfifi- 
ensional  unit  should  be  located  nearer  to 
the  erection  site  (births  or  docks) . 

The  assembly  site  for  units  of  same  category 
shall  be  concentrated  to  one  area  and  not 
be  scattered  widely  over  two  or  more  areas 
within  the  shipyard. 

Master  assembly  schedule  should  be  so  plan¬ 
ned  in  accordance  with  above  categories  of 
units  as  to  level  the  work  load  at  each 
fabrication  and  assembly  phase  as  much  as 
possible.  Then,  work  load  for  fabrication 
such  as  planer  cuttings, No  cutting,  plate 
bending,  frame  bending  and  subassembly  will 
be  leveled  concurrently.  Even,  if  complete 
levelling  of  work  load  is  difficult,  the 
irregularity  in  the  density  of  work  load  at 
each  phase  must  be  minimized  by  appropriate- 
allocation  of  resources,  which  will  natur¬ 
ally  result  in  higher  productivity. 
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In  case  on-block  outfitting  is  applied,  the 
period  for  the  outfitting  should  be  reserved 
and  expressed  in  the  master  assembly  sche¬ 
dule  for  preparation  of  pallets. 

The  master  schdule  is  vital  for  shipyard 
operation .  But  reliable  raster  schedule  can 
not  be  made  without  accurate  estimation  of 
practical  work  volume.  The  planners  of  m  a 
ster  schedule  must  be  Familiar  with  procedure 
of  assembly  work  at  site  especially  In  re¬ 
lation  to  resources  allocation. 

6-3]  Flat  panel  Unit  assembly  . 

Accuracy  control  for  fbrication.  of  internal 
structural  members  .  and  horizontal  flatness 
of  the  assembly  platen  are  important. 

We  noticed  overhead  welding  by  workers  lying 
on  their  backs  for  flat  panel  units  which  is 
of  low  efficiency  and  can  be  avoided  by  ap¬ 
propriate  ordering  of  assembly  sequence. 

High  accuracy  of  assembly  can  not  be  achie¬ 
ved  without  horizontal  flatness  of  the  as¬ 
sembly  platen.  The  measured  inclination  of 
inch  per  20  feet  of  the  NASSCO's  platen 

must  be  improved  as  soon  as  possible. 

6-4  )  ./Curved  Panel  Unit  lAssembly 

The  size,  of  a  plte  for  the  curved  shell 

units  should  be  larger. 

The  size  of*  plate  no w  applied  at  NASSCO  is 
too  small  especially  for  bow  and  stern  parts 
where  small  plates  requires  much  joint  wel- 


ding  v:hich  can  be  reduced  by  adopting  larger 
-plates . 

For  more  effective  assembly  of  units,  a  plate 
must  be  larger  and  more  complex  benting  such 
aa  longitudinal  or  twist  bending  should  be 
applied .  'Line  heating  is  a  technology  for 
this  purpose  and  most  effective  when  applied 

after  bending  by  roller  which  is  very  effec¬ 
tive  for  cylindorical  bending  but  not  ap¬ 
plicable  to  multi-directional  or  twist  bend¬ 
ing  which  are  most  neatly  done  by  line  heat- 
i  n  g  . 

To  apply  more  complex  bending  to  larger :- 
plates,  the  bending  templates  currentltly 

used  at  NASSCO  Should  be  modified  because 
they  are  only  for  transverse  bending  and 
not  applicable  to  longitudinal  or  twist 
bending.  For  precise  bending,  the  templates 
with  sight  line  (edge)  introduced  in  the 
text  book  of  line  heating  are  recommended. 

IHI  has  studied  SPADES  system  in  detail  and 
devised  a  program  to  develop  templates  with 
sight  line  from  the  data  given  by  SPADES 
which  will  be  introduced  to  NASSCO  at  your 
request . 

Next  we  refer  to  jigs. 

We  observed  discrepancies  between  jigs,  shell 

*  plates  and  frames  to  be  jointed  together 
which  are  -caused  by  difference  in  curvature 
of  shell  plates  and  frame  due  to  inaccurate  . 
bending.  The  workers  forcibly  align  the  pla¬ 
tes  with  frames  and  weld  them  together. ‘ 

This  requires  considerable  hour  of  unnecessary 
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work,  degrades  accuracy  of  unit  assembly  and 
makes  erection  work  difficult  .  When  there  will 
be  discrepancies  between  jigs,  plates  and  in¬ 
ternal  members  like  frames,  of  course,  the  jig 
Should  be  the  base.  The  accuracy  of  jigs  is 
fundamental  and  vital  for  construction,  of  hull 
units,  which  presupposes; 

-  Pin  jigs  of  stable  and  tough  structures 

-  To  confirm  that  the  data  for  jigs  are 
fair  and  correct  and  to  check  the 
actual  setting  conditions  of  jigs 
with  the  confirmed  data 

-  To  assemble  hull  units  in  conformity 
with  the  confirmed . j igs . 

Nevertherless ,  if  there  exist  discrepancies 
between  jigs,  curved  plates  and  frames,  ac¬ 
curacy  of  materials  or  calculation  method 
by  computer  should  be  ckecked. 

AAcomputer  program  based  on  interpolation 
method  such  as  for  fairing  of  shell  curv¬ 
ature,  may  commit  errors  in  some  cases  and 
careful  study  and  through  understanding  of 
the  contents  are  necessary  for  adopting  a 
new  program.  Wnen  discrepancies  among  jigs, 
plates. and  frames  exist,  they  must  be  cle¬ 
ared  by  through  probe  into  the  reason  the¬ 
reof  . 

6-5)  Three  Dimensional  Unit  Assembly. 

For  better  accuracy  control,  prior  study 
should  be  carefully  made  as  to  selection 
of  checking  points  or  lines  for  right  pos¬ 
itioning-  of  members  or  assemblies  consi¬ 
deration  of  seguence  of  assembly  work. 
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Planning  of  scaffolding  should  be  made  in 
connection  with  this  study. 

6-6)  Straightening  of  Welding  Deformation 

We  Iding  deformation  at  unit-  completion  is 
conspicuous.  The  deformation  should  be 
straightened  at  each  phase  of  subassembly 
and  assembly.  Total  deforamtion  at  com¬ 
pletion  of  a  hull  unit  and  reforming  man¬ 
hour  will  be  minimized  if  the  deformation 
caused  at  each  phase  is  straightend  before 
next  phase  even  through  another  deformation 
will  be  caused  at  the  next  phase.  Straigh¬ 
tening  at  each  phase  ensures  easy  accuracy 
control  and  minimizes  erection  manhour, 
which  should  be  the  first  target  for  impro¬ 
vement  of  productivity. 

6-7 )  Cable  Wiring  on  Board  - 

Electric  cables  wired  in  the  machinery 
space  of  the  ARCO  tanker  under  outfitting 
did  not  appear  neatly  wired  because  they 
snaked  at  random.  Introduction  of  wiring 
winch  for  electric  cables  is  studyworty. 

6-8)  Piping  in  the  Machinery  Space 

Piping  in  the  machinery  space  was  not  so 
well  organized  because  one  system  of  pipes 
are  installed  independently  from  other 
system  regardless  of  outfitting  sequence. 
Pre-erection  or  unit  outfitting  will  im¬ 
prove  this  condition  to  much  extent. 


6-9)  Painting 
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be  welded  after  erection 'joints  or  foot  parts 

of  pillars  under  the  girders  of  machinery 
flat  etc.  should  be  protected  by  masking 
tapes . 


We  learned  that  NASSCO  was  studying  intro¬ 
duction  of  weld  through  shop  primer  and 
would  like  .to  mind  you  'to  pay  attention  to 
the  demerits,  of  the  primer  as  undermentioned 
as  well  as  its  merits. 

Usually,  clients  are  very  nervous  about 
painting  and  many  troubles  are  expected 
about  touching  up  of  damaged  primer 

-  Gas  cutting  speed  should  be  lower  for 
the  primer  coated  steel  plates  and,  in 
case  of  fillet  welding  of  high  tensile 
steel,  blow  holes  are  liable  to  remain 
in  ihe  deposit  metal. 

Removal  of  fume  generated  by  gas  cutting 
or  welding  must  be  considered  because 
modern  primer  has  tendency  to  contain 
zinc . 


Our  frank  opinion  recommends  NASSCO  to  con¬ 
serve  the  conventional  surface  treatment  b  y 
sand  blasting  which  is  very  effective  for 
the  time  being  while  leaving  introduction 
of  the  shop  primer  to  future  study. 
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7.  CONCLUSION 


We  pointed  out  several  items  for  your  improvement 

in  the  production  system  in  previous  chapters. 

We  believe  that  these  items  are  all  important  and 

applicable  to:  NASSCO  by  themselves  but  we  do  not 
think  that  these  improvement  should  be  started 
simultaneously  because  they  right  bring  you  some 
troubles  or  confusions,  at  the  beginning, :  by:  the 
people  who  have  not  been  used  to  the  new  method. 
We,  therefore,  recommend  you  to  start  the  impro¬ 
vement  from  very  few  items  which  are  essential 
for  reducing  manhour,  as  explained  in  the  pre¬ 
ceding  chapters. 

Note  :  .  So  far  as  we  studied  in  NASSCO,  the  total 

production  manhour  of  ARCO  tanker  is  ap¬ 
proximately  twice  or  three  times  as  much 
as  that  of  IHI.  We  notice  that  some  of 
manhour  would  be  easily  reduced  if  some 
of  the  major  points  are  successfully  im¬ 
plemented.  Since  the  cost  accumulation 
classification  and  method  between  NASSCO 
and  IHI  had  many  differences,  a  manhour 
comparison  in  detail  was  not  easy. 

7-1 )  Hull  Production 

In  the  hull  production,  the  improvement 
should  be  concentrated  to  the  unit  as¬ 
sembly  stage  at  the  beginning. 

In  an  attempt  to  improve  the  whole  ship¬ 
building  productivity,  an  improvement  for 
the  hull  production  is  more  effective  than 
for  the  outfitting,  because  the  hull  pro¬ 
duction  consumes  a  great  deal  of  manhour 
in  whole  for  the  shipbuilding. 
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And  also  rationalization  of  a  hull  production 

'system  is  easier  than  that  of  an  outfitting 
system  because  the  hull  system  is  not  com¬ 
plicated  such  as  the  outfitting  system  whicl 
containes  several  number  of  sub-systems  and. 
is  only  a  single  system.  Especially,  the  im¬ 
provement  should  be  concentrated  to  the  unit 
assembly  stage  because  it  calles  inevitably 
for  improvement  of  the  preceding  and  fol¬ 
lowing  stages  iea  the  fabrication- and  erect¬ 
ion  stages. 

The  most  of  Japanese  shipyapd  made  improve¬ 
ment  successfully  by  the  same  way.  Their 
experiences  emphasize  the  points  such  as  '  :  : 

-  A  feed  back  system  shall  be* established 
for  self-improvement  of  system. 

-  The  implementation  shall  not  be  rushed. 

-  ’.All  the  relevant  people  shall  be  well 

.  educated  for  new  system. 


Outfitting 

In  tile  outfitting,  the  improvement  should 
be.  concentrated  to  the  unit  outfitting  in 
engine  room  primarily  and  the  zone  outfitting 
method  secondarily. 

Through  our  observation  of  the  destroyer 
tender  in  NASSCO,  we  noticed  that  the  unit 
outfitting  method  is  applicable  to  this  kind 
of  sophisticated  engine  room.  It  means  that 
the  unit  outfitting  method  is  probably  ap¬ 
plicable  to  all  engine  rooms  which  NASSCO 
constructs.  You  can  repeat  the  outfitting 
of  the  same  zone  (engine  room)  by  the  same 


method  so  thet  NASSCO  people  may  be  easily 
used  to  it  and  expand  its  application  to  the 
other  zone.  It  is  also  a  merit  for  this  re¬ 
commendation  that  the  units  such  as  a  pump 
unit,  a  purifire  unit,  a  pipe  unit  etc.  can 
be  assembled  in  less  dependent  to  the  hull  . 
constriction  schedule.  Therefore  it  gives 
hull  production  less  damage  even  through 
we  have  some  troubles  upon  new  outfitting 
method . 

The  implementation  for  on-block  outfitting 
method  should  be  started  only  after  the  hull 
unit  assembly  stage  under  being  improved  be¬ 
comes  steady.  Because  it  is  very  dependent 
on  the  hull  unit  assembly  schedule  and  has 
fears  to  get  the  hull  production  into  trouble. 

In  connection  with  punctual  material  prepara¬ 
tion  which  must  be  very  serious  problem  in 
U.S.A.,  IHI  has  total  material  supply  system 
which  prepares  materials  to  a  shipyard  in 
package  and  with  the. schedule  to  meet  with 
their  construction  schedule.  It  has  been 
applied  successfully  to  several  foreign  ship¬ 
yards.  It  must  also  be  nelpfull  to  better 
material  procurement  in  NASSCO. 


7-3)  Feed  Back  System 

For  successfull  implementation  of  the  aboves, 
a  feed  back  system  is  indispensable.  It  shall 
provide  the  following'  functions. 

-.-Defects  and  inconveniences  in  production 

site  are  to  be  reported  surely  and  pun¬ 
ctually  to  relevant  organizations  ie . 


Design  engineer.  Material  expediter. 
Planning  engineer  efc. 

-.Proposals  for  improvement  or  creative 
idea  for  production  are  to  be  transmit¬ 
ted  to  the  relevant  organizations . as  a 
routine  job. 

They  are  corrected  by  and  to  a  special 
group  who  make  evaluation  and  decision 
for  their  acceptance  and  plan  for  re¬ 
alization  for  each  item. 

-  "Result  of  each  implementation  is  checked 
by  the  group  and  fed  back  to  the  relevant 
organizations. 

4  - 

This  group  composes  two  sub-groups;  for  hull 
and  for  outfitting.  Each  sub-group  should  be 

assembled  by  the  members  who  belong  to  vari¬ 
ous  sections  in  relation  to  hull  production 
and  outfitting.  The  Group  should  belong  to 
Production  Planning  Group  in  Yard  operation 
Department.  If  IHI  has  a  chance  to  dispatch 
engineers  to  assist  for  t-he  implementation 
of  the  accuracy  control  and  palletization  in 
NASSCO,  they  should  join,  to  this  group. 

At  the  end,  we  would  like  to  inform  you  that 
we  could  make  a  recommendation  for  optimum 
productive  capacity  in  each  yard  based  on  the 
data  of  your  yard  facilities  which  you  gave 
us  and  an  assistance  for  the  future  planning 
of  whole  NASSCO  shipyard  which  you  might  have 
if  you  give  us  the  reguest. 

VJe  appreciate  your  kind  cooperation  and  hospi¬ 
tality  given  to  us  by  Mr.  French  and  the  other 
members . 
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Small  and  many  numbers  of  units  require 
more  manhours  at  erection 


Smaller  pieces  of 
curved  shell  plates 
require  more  man¬ 
hours  to  assemble 
and  weld  at  assembly 
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The  parts  code  system  is  coirrolicated. 
(Number  of  digits  of  KASSCO's  piece 
mark  is  approximately  three  times  of* 
P  IHI's  one) 


Brackets  and  stiffeners 
on  a  flange  v;eb  frame 
can  be  sub-assembled  by 
down  hand  welding  befo¬ 
rehand. 

Then  the  sub-assembled 
web  frame  can  be  landed 
and  assembled. 

Thus  most  of  welding  can 
be  easily  performed  by 
down  hand  welding  throu¬ 
gh  the  establishment  of 
“Sub-assembly"  stage. 


The  idea  of  “Sub-assem¬ 
bly"  stage  should  be 
established. 

Here  “Sub-assembly"  means 
“small  assembly". 

The  bracket  in  the  pictu¬ 
re  can  be  welded  in  down 
hand  at  "Sub-assembly" 
stage  on  the  flange  web 
frame  and  then  landed 
together  at  assembly. 
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T-shaped  I  carling  is  inconvenient  to  welding  works. 
Flat  bar  is  recommended  instead  of  T-shaoed  niece 
since  enough  strength  can  be  kept  for  the  purpose. 
(IHu  adopts  flat  bars  for  carling  even  in  250*  000  DW^ 
tankers) 
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Cutting  small  pieces  by  the  optical  tracer 
from  a  large  plate  as  shown  in  the  pictures 
may  bring  high  productive  gas  cutting,  however 
.this  kind  of  small  pieces,  is  recommended  to  De 
cut  from  scrap  plates  to  save  material. 
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Insert  work  at  erection  .is  very  -difficult. 

In  order  to  prevent  insert  work,  the  curtain 
plate  (margin  plate)  of  the  bulkhead  should 
be  included  in  this  unit.  (Design  change) 


The  problem  around  the  connecting  part  between 
two  flange  frames  can  be  solved  by  che  change 
of  che  flange  direction  and/or  the  change  of  the 
position  of  the  erection  joint. 


The  position  of  the  erection  joint 
should  be  shifted. 
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ILmsirnffTiaieinlt  engint©^iftg 

Brackets  and  that  bars  are  obliged  to  be  gas  cut  and  the 
parts  gas  cut  of  piece  are  temporarily  put  near  ther 
After  erection,  those  are  rewelded.  This  kind  of  reworks 
were  caused  by  poor  engineering.  It  the  stiffeners  are 
fitted  to  the  opposite  side  of  the  web  plate,  va-j_n 

reworks  can  be  prevented. 


t  sc ess  ary  scallops  are  not  opened.  (Poor  engineering ) 

carlops  i. or  erection  welding  should  be  ooened  at  the 
lange  webs. 


Cutout  mis-opened.  (Engineering) 

If  the  bracket  is  sub-assembled  to  the  flange  web, 
the  wrong  cutout  could  be  checked  by  match  mark 
for  fitting  BKT  at  the  cutout  before  gas  cutting. 
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Position  of  access  holes  (Engineering)* 

if  the  position  of  the  access  holes  are 
in  zig-zag  arrangement  (the  one  is  near 
the  next  is  near  the  T.Top),  it  is  more 
for  assembly  workers  and  scaffolding  is 


the  bottom, 
accessible 
not  necessary. 
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Long  pipe  pie 
code 

It  is ‘ trouble 
some  to  weld 
name  plate  to 
each  pipe  pie 


sicoaoTooimj 


Wasted  material  (Pipe  ) 

By  install  of  the  pipe  piece  drawing  system  and 
pipe  fabrication  system,  pipe  scraps  can  be 
decreased . 
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Much  computer  output  sheet 

Through  improvement  of  distribution  of  computer 
output  sheet,  output  sheet  and  computing  time 
can  be  saved. 
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Wasted  material  (Electric 
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